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The emlyticcll d8ta objective for b8s%line risk 8SS~ss~8ntS is thcrt unwrteinty is known and 
acceptable, not that uncerdeinty be reduced to B particular level. (p. 31 
TO maxim- d m  useabirrty tbr the risk assessment. the risk as5855dr must be involved from 
the start of the RI. (p. 7) 
All dat8 a n  be used in the baseline risk ass8sment as long 8s their unceminties are clearl y 
described. (p. 11) 
Uncerteinty in the analytical &a, compounded by uncettaintv caused by the selection of the 
tmnsport models. can yield mutts that are meaningless or that cannot be interpreted. (p. 14) 
Unceminties in toxicological meBsums end exposure 8ssessment are often assumed to be 
greater th8n uncemintiied in environmentel an8llytical deta' thw, they are assumed to have 8 
more significant e i k t  on the uncertainty of the risk assmsment (p. 171 
Analytical data collecmd solely for other purposes ma y not be of optimal we to the risk 
assessment (p. 20) 
Effective planning improves the useability of environmental an8Iflical data in the final risk 
assessment 
(P. 25) 
Use historical analyticel dete and 8 broad spectrum analy~h to i n a l l y  identify the chemicals 
of potential concern or exposure  rea as (p. 26) 
To expedite the risk assessment preliminary data should be provided to the risk assessor as 

To protect human heaith, place a higher priority on preventing false negatives in sampling 
and analysis than on preventing false positives. (p. 4 1) 
Use preliminary data to identify chemicals of potential concern and to determine any need to 
modify the sampling or analytical design. (p. 41) 
Specific analysis for compounds identified during library search urn be requested. (p. 41) 
The closer the concentration of wncem is to the detection limit, the greater the possibility of 
false negatives and false positives. tp. 47) 
The wide range of chemical concentrations in the environment may require multiple analyses 
or dilutions to obtain useable data. Request results from all analyses. (p. 47) 
Define the type of detection or quantitation limit for reporting purposes: request the sample 
quantitation limit for risk assessment. tp. 47) 
When contaminant levels in a medium vary widely, increase the number of samples or 
stratiSy the medium to reduce variability. tp. 50) 
Sampling variability typically contributes much more to total error than analytical variability. 
lp. 501 
Field methods can produce legally defensible dat8 if appropriate method QC is available and 
if documentation is adequate. (p. 57) 
To minimize the potential for false negatives, obtain data from a broad spectrum analysis 
from each medium and exposure pathway. (p. 58) 
The ClP or other fixed laboratory sources are most appropriate for broad spectrum analysis 
or for confirmatory analysis. (p. 58) 
Solicit the advice of the chemist to ensure proper laboratory selection and to minimize 
laboratory and/or methods performance problems that occur in sample analysis. (p. 58) 
Use of the Sampling Design Selection Worksheet will help the RPM or statistician determine 
an appropriate sampling design. (p. 651 

soon as they Bt'8 0V8il8bk. (p. 35) 

* For funher infannation, refer 16 rhe text. Page numbers are p m v W .  
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While other designs may be appropriate in many cases, stratified random or systematic 
sampling designs are always %CCeptable. (p. 651 
If the natural variability of the chemicals of potential concern is lawe ( 8 4 ,  greater than 30%), 
the major planning efforr should be to collect more environmental samples. (p. 72) 
At least one broad Spectrum analytical SamPIe is required b r  risk assessment, and a 
minimum of two or three are recommended for each medium in an exposure pathway. (p. 
731 
Collect and analy2e background samples Prior to the final det~rminm-on of the sampling 
design since the number of samples is significantly reduced if little background 
contamination is present. (p. 75) 
Systematic ampling supplemented by judgmental sampling is the best strategy for 
identifying hot spots. (p. 75) 
Focus planning efibrts on meximiring the collection of use8ble data from critic81 samples. (p. 
781 
The ability to combine data from different sampling episod8s or different sampling 
procedures is a very important consideration in selecting a sampling design butshould be 
done with caution. (p. 78) 
Ensure that critical requirements and priorities are specified on the Method Selection 
worksheet SO that the most appropriate methods can be considered. (p. 83) 
Use routine methods wherever possible since method deveIOpm8nt is time-cbnsuming and 
may result in problems with laboratory implementation. (p. 83) 
Analyte-specific methods that provide better quantitation urn be considered for us8 once 
chemicals of potential concern have been identified by broad spectrum analysis. (p. 84) 
All results should be reported for samples analyzed at more than one dilution, (p. 85) 
Field analysis can. be used to decrease cost and turnaround time providing d8ta from 8 broad 
spectrum analysis are aVaik3bl8. lp. 89) 
Focus corrective action on maximizing the useability of data from critical samples. (p. 97) 
Use preliminary data as a basis for identifying sampling or analysis deficiencies and taking 
corrective action. (p. 100) 
Problems in data useability due to sampling can affect all chemicals involved in the risk 
assessment: problems due to analysis may only Men specific chemicals. (p. 100) 
Qualified data can usually be used for quantitative risk assessment3. (p. 105) 
Anticip8te the need to combine data from different sampling events and/or different 
analytical methods. (p. 107) 
Determine the distribution of the data before applying statistical measures. (p. 109) 
Determine the statistical measures of performance most applicable to site conditions before 
assessing data useability. (p. 110) 
Use data qualified as U or J for risk assessment purposes. (p. 113) 
The major concern with false negatives is that the decision based on the risk assessment may 
not be protective of human health. (p. 11 7) 
False negatives can occur if sampling is not representative, if detection limits are above 
concentr8tionS of concern; or if spike recoveries are very low. (p. 117) 
False positives can occur when blanks are contaminated or spike recoveries are very high. (p. 
118) 
Statistical analysis may determine if site concentrations are significant1 y above background 
concentrations when the differences are not obvious. (p 120) 
The primary planning objective is that uncertainty levels are acceptable, known and 
quantitatable, not that uncertainty be eliminated. (p. 121) 
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'Ihe U.S. En- - * AseacyPA)hs 
agblished aDara Uscabiiity Workgmup to 
national guidance for determining data useslbility 
rcquuemenun&d#lforenvironmenraldapcalleaioa 

hazarrtoas waste sites uncler the cammve 
~MlonmenfaIRcspnse,campensation.arulLiilbility 
Act of 1980 CERCLA) as amended by the SuFerfrmd 
AmeadmentsalKIReau- Actof 1986(SARA). 
D a t a u s e a b i l i t y i s t h e ~ o f a s s a r i n g o r & ~ g  
thatthequalityofdatageneraterimeetsthein-use. 
nisguirhehasbemlesignedbyrheRiskhsessmaU 
S o b g r r m F o f t h e D a t a U ~ W o r l y V o a F t o ~  
damusezswithanationally#msistentbasisfaPrnakjng 
decisions about thc mraimum quality d guantity of 
mviwmenral analyucal dim that are suftiaent IO 
S p F F a r t S ~ d r i S L ~ ~ ~  
of whicb partics d u c t  the investigation. Thrs 
document is the fast part (Pari A) of the pwo.F;IR 
Gvrdancr for DOUI Useability in Risk Assessment. Part 
B of this guidance addrrsse. * *  srarlioanalytlcal is!!. 

Risk Assessmrnr G u k e  for Supr#id (RAGS). 
Volwne I: H w ~ n  Health Evplwrtcon Munual P a n  A 
(EPA 1989a) serves asp genenl bwiJance document for 
the risk assessment pmcess. Building upan RAGS, an 
"mmim fW version of Gutdance for Data Useabilrty 
VI RskAssemnenc was issued by the Risk Asses.ment 
Subgroup of the Data Useability Workgrnup in October 
1990. ?be guidance was issued as ' i n m  find" m 
onleru,ob~nandmc~~tecommennand~~lt i~~' ims 
from data users who tested it in real-world situations. 

7heauthors~ow~gethcsi~nif icmthclpofal l  who 
have provuled comments and cntlcrw. The rewlts 
m d a c a c e t h a t m a n y p l e m  tavorably to theguidance 
and find it useful in planmng a n.& asessment M m 
evaluaung aSSeSsmentS W y  underway. Issues were 
identified where guidance m the in- final needed to 
be supplemented or discussed in more &mil. Thcsr: 
lssues mclude providing a more demld di.suwon of 
samplmg saategies. lncopnung groundwater tacton. 
addressing soil depth for exposure. and ohmning 
background d i u  Issues concerning data reponing 
fonnats. validawn and use of noli-CLP data, md 
Wtauvely identitied compounds were also dentitied 
The final vmion of the grudvlce pn>vidr\ greater &tu1 
in the drscussmn of these and other iwes. 

This guidance provides direcuon for p h n m g  and 
assessmg analyucal data collecaon acuvltles for the 
baselint humm health risk assasment. conduaed 
part of the remedial investigation (RI) process. 
Although the gtu&ncc addresses the hawline risk 
Bspc98mcnt within the RI, it is appropriate for uu! in 
the new Superfund Accelerated Cleanup M d e l  
(SACM) where data needs fur rbk assesument are 
comiiderrd at the onset of site evalwtiun. Site- 

on 
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Chapter 1 
ackgreund 

H o w t o d e s i g n R I ~ p l i n g a n d a n a l ~ a ~ t j ~ i t k ~  
that meet the data quanuty and dataquality needs 
of risk assessozs. 

0 Procedures for assessing the quality of the data 
obmned m the RI. 

* Opuons for combining environmentai analytical 
dya of varying levels of quality from different 
sources and incorparanng than into the risk 
-enf - Rocedrnes for determining the level of cenainty 
in thenskasesmauhased on the uncertainty in 
theenwomnental analyocal data and 

Guidelines on the timing and execution of the 
vanous activities m order to most efficiently 
produce deliverables. 

Although the guidance addrrsses the baseline risir 
assessment within the RL it is appro~nare for use in the 
new S u p f u n d  Accelerated Cleaug Model (SACM) 
where dam ne& far risk assesmm are amsicked at 
the onset of site evaluanoa. 

Risk assessors should be an integral part of the RI 
plannmgpess toenslPethatadequateenmnmental 
analytical dataof acceptable quality andquantity farhe 
nsk assessment are collecled during the IU. This 
guidance assists riskasswars in Commmcating theu 
envlmnmeatalanalyucaldafaneedstotbeRPMs. Risk 
assessors sbould work closely wtb the RPMs to idenufy 

and reaammend sampling designs and analytical 

r i s i r ~ f o r h ~ h e a l t h * t h e * - d a I &  
mcfhods that will maximke the quality of the basehe 

andbudeetary- * OftheRLandwillpaCdrrce 
a r n c i v m t r i s k ~ u S e N t o r i s k m a l l a g ~ .  

Thisguidanceprovidesanambaofarcnksheetsand 
e x h i i s ~ b e u s t d ~ D s f f o r t h c a r g ~ o f  
~ g a r ~ ~ ~ o r ~ ~  
Howmr.il@a=m= . ofgwancewillbesite- 
~ B s d s i t e ~ s h o u l d d e v e l o p a n d m o d i f y  
these pidancematerials to best suit the conditionsat 
their site. 

Alhugb ecological dara useability is not addressed 
sllecifucall~inthiSgnidance,theC!lW!liCaldataobtained 
hxnsitlechalar . - *  a r e ~ l e f o f d ~ t s  
of the ecological assessment. In an ecological 
~ t h e ~ O f p o t e n t i a l c O n c c m a n d t h c i r  
prbricies may be diff- than tbose of the human 
healthriskasesmea Forexampkironisrarelyof 
concern m human health risk assessments. but higb 
levels of iron may pose a m  to aquatic sqxcies. Eco- 
glJkhlcedocumentsrelevanttoriskassessmentindude 
R& Assessment Guidance for Superfund. Volume II: 
Environmental Evalucuion Manual (EPA 1989b). ECO 
Updare (EPA 1Nla) and Ecologd Assessmeru of 
Hazardous Waste Sites: A FieU and Laboratory 
Reference (EPA 1989~). 

1.1 CRITICAL DA?A QUALITY USSUES 
IN RISK ASSESSMENT 

Five basic environmental data quality issues are 
frequently encounfefed in risk assessments. This 
guidanceprovidesFroQdures,minimumreqlurements, 
and other informauon to resolve or mmhize the effect 
of these issues on the assessment of uncertarnty m the 
risk assessment The lssues affect both the piaruung for 
and the aSSeSSment of analytical dam for use in RI risk 
assesrments. The followmg SeQiOns describe these 
issues and their impact on dam useabiity. and highlight 
the resolutions of these issues. 

Acmnynrs 
CLP Con- Laboratory Program 
EPA U.S. Ennronmwral Roteeraon Agency 
QAPjP quality assurance p j w t  plan 
RAGS 
RI remedid tnvestlgaraon 
RPM remedm1 project manager 
SACM Superfund Accelerated Cleanup Model 

Risk Ib;sessmcat Gudancc for Superfund 
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1 .I .4 Backgroussd Samples 
Inconductm ' garisk-itiscritiealrodistinguish 
site contasninafion from backpund levels due to 
anthropgenic ornaanally occmring conrnminPtian io 
order to determine the presence or absence of 
contamination and to ccnnpate with badrgraund risk. 
Analytical data nqmced nearmerhad cletection limits 
and sample results qualified during data review 
complicate the use of background sample data to 
determinesire hA. P l a a a i a g f l x t h e c o ~  
of a saffiaent number of background samples from 
representative locations inaeases the certainty in 
decisions about the significance of sitc contzmimuion. 
Section 4.1 disuses how statistical analysis and 
p f e s s i d  judgment can be CambiLltd to design a 

data 
samplingpglamfmcolleaingadeqnatebadtgnnad 

4.1.5 Consistency 110 Data Collection 
Data collection activities may vary among parties 
amd9aingRls. Cbnsistcacymallsuprfunrlactivities 
is increasingly crucial. A11 parties collecting 
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B 

e The 8ndytiCer dam o b j e  fbr baseline 
risk assessments is that the uncertainty is 

Donrmentatim known and acceptable, not that the 
unnVtainty be reduced to a particular level. 

A v a i l a b l e a n a l y t i c a l ~ i n t m n ~ o f a n a l ~  

Diuasoraces. 

m e t h o d s a n d d e t e c I h ~ ,  

EXHIBIT 1. DATA USUBOUTY CRITERIA TO P U N  SAMPUNG, 
ANALYSIS AND ASSESSMENT EFFORTS 

IN BASEUNE RISK ASSESSMEPIT 

PLANNING ASSESSING DETERMINING 

I CONSIDERATIONS 

ANALYncAL 
I CONSIDERATIONS I I 

DATA USEABIW 
CRITERIA (5.0) 

LEVELS ~ 

OF 
CERTAINTY 

FOR 
BASEUNE 

RISK , 
ASSESSMENT , 

(6.1 1 I 
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c i l a p = a r p l a i n s h o o a s J e s s t h e ~ o f  
site-specific data faarisk a8sessmQlts afm dm 
COIleUiUQ-gtOheaifeXiaMin 
chapoa3. Foreacbassessnentcriterioethe 
cbepta~minimrmrdafanqrrirementsimd 
aplainshoodetesrmot - acrrralpafonnance 
a o m p a f f d t o p a f o n n a o a ~ a n d e x e n n c  
appropMae conectivt aaions for datacritical to 
t k r i s k ; I s s e s a n a u . T h e c b a p m a l s o ~  
o p r i o n s a v a i b b l e t o r i s l ~ h ~ g  
analyricaldarafrcnndi&remsouFasandvarying 
l e v e l s o f q t l a l i t y i n t o t h e ~ ~ ~  

Chapter 6-Application of Data to Risk 
~ T h i s d r a F p e r d e t a i I s ~ f a P  

‘ t y  &remining the ovaall level of uncemm 
a=ciaEdwiththtr-’Ihe- 
addresses characterization of contaminant 
c o n c e n a a d o n s w i t h i n ~ ~ d e t a m m r n g  
the or absence of chemic?l lzOf potential 
COIICQD. and cristinguishing sire 
from background levels. 

0 ~ T h e a p p e o d i c e s p r o v i d e ~ ~  
and sampling technical reference materials, 
including descriptions of gmexic Orgamic and 
inorganic data review packages: listings of 
cOmmanindustriaipOllUgatp;analyciEalmethods 
and ~maRquastitation limits (see section 
3.2.4 for definitions); common laboratory 
con- : calculation formnlas fors- 
evaluation; information on analytical data 
q u a W q  a summary of Conaact Labaratory 
praSram methods witb axresponding Target 
Compound List compounds and Target Analye 
List ana% aad an example of acanccptPalsite 
model. 

Index-The index provides cross-references 

Chapten 3. 4, and 5 present planning and 

that can be viewed independently. 

Tips-Tips.markedwitha*,areincorporared 
intothetextofthechapms. Tbesetipschaw 
attention to key issues in the text but art not 

t h r o u g h o u t t h e ~ . T h i s i s ~ t ~  

asesment issues as complamtary cliscussians 

intendedtoS~thedilrallErlrm . inr&e-. 
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Q Deeeribos minimum requtnmentr for uwabk data. 
Q Explains haw to debmlne ectual per(wmence comped to o w - .  

Recommends conecbve acbons for tribcd data not meofing obpcbvea. 
Describes options for c a b m m g  data fmm different source8 and of varying w d i  into W 
assessment. 
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The Risk 

The approach to the baseline human health risk 
assessment procas used for exposure to cbemids of 
potenaal conam is well established. The National 
Rese;rrch Council 0 prepared a comprehensive 
0~~-~1~~ofthispro~ss(NRC1983). whichhasbecome 
the fnundaurm for subs'equeat EPA gudance (EPA 
1986a EPA 1989a €PA 1989b). RAGS. Pan A CEPA 
1989a). &scusses in detail the human health baseline 
nsk assessment process which is usedm theSuperfund 
Program. 
The risk assessment process has four components: 

Data collection and evaluation, 

. .  Risk- on. 

Exhibit 3 lists informatim sou* m each a m p n e n t  of 
the baseline risk assessment 

Uncerrainty analysisis often viewedas the last step in 
theriskcharawnzau onpmcess. However,asdiscussed 
in detail m RAGS. Part A unomaincy analysis is a 
fundamental element of each component of risk 
asses-anentandcheRsultrfarearhc.onlponent~ 
anexpliatstatementofthedegreeofunaztainty. These 
results are the bases for esrimating the degree of 

. .  

B To maximize data useability for the risk 
assessment. the risk ussessor must be 
involved from the start of the RI. 

I 

ATSDR 

DQO 
~ EF'A 
I GIS 
IWEAST 
I F U S  

LOAEL 
1 I NOAEL 

NRC 
I PAH 

1 -  

1 ~ QA 
O W '  
Qc 

~ RAGS 
Rfc 
RfD 

Rh4E 
RPM 
SAP 
SOP 
UCL 

IRI 
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EXHIBUT 3. DATA RELEVANT TO COMPONENTS OF 
TH€ RISK ASSESSMENT PROCESS 

Exposure Assessment 
I 

I 
I 

I 
l ToxicityAssessment 

T IRisk Characteritation 

n e Background monitoring data for all affected media. 

* IEnvironmental data for all relevant medii. 

e List of chemicals of potential concern. 

* Distribution of sampling data. 

Confidence limits surrounding estimates of 

* Release rates. 

e Physical, chemical and biological parameters, for 
evaluating transport and transformation of site- 
related chemicals. 

* Parameten to characterize receptors according to their 
activrty. behavior and sensitivity. 

* Estimates of exposure concentrations for all1 
chemicals, environmental media and receptors 
at risk. 

* Estimates of chemical intake or dose for all 

* Toxicity values for all chemicals, exposure 
pathways, and exposure areas of concern. 

Uncertainty factors and confidence measures for 
RfDs; weightsf-evidence classifications for cancer 
slope factors. 

I 

21402.411 

Hazard quotients and indices. - Estimates of excess lifetime cancer risk. 

* Uncettainty analysis. 

I 
I 
E 
I 
P 
I 
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EXHIBK 4. BASELINE RISK ASSESSMENT PROCESS AND 
WPICAL SQLIRCES OF UNCERTAINl'lf 

Ineppropriote wledion of deteotion 
limlt can reault m overnebmate or 
uncbresbmete of risk. 

Assumption of 100% bioavail- 
aklity of chemids in enwmn- 
mental medm (soil m ptWc~Iar) may 
malt in ovenasematem of nsk. 

Assumption that chemicals of 
potenbl concern do not degrade or 
transform in the envimnmant may 
mwlt in undemdlmates or 
owmsbmates of nsk. 

I nmen ta l  nsks aswcmted with 
exposure to site-related chmltals 
of potentlel m w m  cannot be Mly 
charactenred end may result in 
undemdmates of risk. 

Methodr used to esbmab inhalabon 
elrpoww to volatiles, suspe- 
parbcuhtes or dust may 
ovcrmsbmate intekb and risk. 

Very few percutaneous abwpbon 
factors am avculable for chemicals 
of pobnbel concern. Exposum 
fmm dermal contect may be owr- 
ealimated using mnservetive 
default values. 

I Riak Characterization 

0 Rirk/doso estimatee am 
assumed to be additive in tha 
absence of infotmabon on 
rynerg~sm and antagonism. 
Thio may result in over- 
estimates or underestimates 
of risk. 

Toxicity values are not 
available for all chemicals of 
potential concern. Risks 
cannot be quanbtabvely 
charsetenzed for these 
compounds and may result in 
underestimates of risk. 

For some chemicals or 
cla~es(e.g., PCBs, PAHs), 

values. the cancar dope 
factor or RfD of a highly toxic 
class member is commonly 
adapted. This approach may 
overesbmate nsks. 

in the absence of toxicity 

Ineppnprieb eelection of 
dgteclion h i t  can result in 
owrsstlrnetes or under- 
eetimatss of risk. 

Extrapolebonofdtsof 
toxichy sludies from 
animals to humans may 
intmduce amor and 
unccrrmnty, lnerlequab 
maujerabon of 
differences in absoorpbn, 
pharmecokme,trcs, and 
targst organ systems, and 
vanability in populabon 
sensibwty. 

* There is mndderabb 
umemnty m astunates of 
toxicity values. Cnbcal 
tomty values are wbpct 
tochengeesnewavidenw 
becomesavailable. This 
may mauH in overeolnnatas 
or undemstwnates of risk. 

* Us0 of mnsewahe high to 

modelsrnay resultin 
ovemtimation of nsk. 

low doso extmpohtion 

Source: Adapled from EPA 198Qa. 
21002404 



Range of Amalysem 

Quantitative Assessment of R i  

Uncertainty minimized, quantified, 
and explicitly stated. Resulting or 
final uncertainty may be highly 
variable (eitherlhigh or tow). 

Quantaative Assessment of Risk: 

Magnitude of uncertainty 
unknown. No elcplicif quantitative 
estimates provided. Quliitive, 
tabular summary of factors 
influencing risk estimates may be 
provided for determination of 
lpossible bias in error. 

Qualitative Assessment of ~isk:  

Only q u a l i e  statement of 

Uncertainfy is high. 
uncertamty is lpossible. 

1 1  

Risk assessment conducted using welldesigned, 
robwt data sets and models diredly applicable to site 
conditions. Sampling program, based on geostatistical 
or random design, will support statistical analysis of 
results. Statistical analysis used to characterize 
monitoring data. Confidence limits or probability 
distributions may be developed for all key input 
variables. 

Risk assessment conducted using data set of limited 
quality and size. No meaningful statistical analysis can 
be conduded. Resuits of risk ass~ssment may be 
quantified but uncertainty surrounding these m u m s  
cannot be quantified. Only a qualitative statement is 
possible. The majority of baselime risk assessments 
typically fall within this category. 

Risks cannot be quantified due to insufficient monitoring 
or modeling data. Qualitative statement of risks based 
on historical information or circumstantial evidence of 
contaminantion is provided. This evaluation must be 
considered a preliminary, screening level assessnent. 

I 
I 
I 

I 

I 

I 

I 
I 
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e All data can be uked in the b8dine nsh 
assessment as long as their uncertainties 
are dearly described. 

Risk assessments must scnmhes be CcRadUcted Using 
dataoflimitedqUantityandofdif€~gqualily. when 
RpMsand otbatrrhniral expem mvoived in theRI 
undentand the quantily and quality ofdarareqnkdin 
risk ~ e n t s ,  they are bertcrablc to design data 
collection progams to meet these reqaiffmenf~. 

Overview of methods for &&I C O M ~ O ~  t ~ ~ d  
eduat im.  Daracollectianbe~witbasQmementof 
theriskassessmentpandaamcepmdmodelof 
thecrarentlmda-standingofoftheproblenstobe~ 
for the ate under investigation. The model draws from 
aIl available himrid dam (EPA 198%). It is first 
created with a best estimate of the types and 
concenlmions of cbpminl.c or of key chemicais that 
arelikelytobepresentgivenrhehismyofthesite. Site 
records. site maps. the layout of existing suucaxcs, 
topography, and readily observable so& water and air 
characteristics on and off the site help to estimafe 
chemicalsofpotentialconcan.likely~texposure 
pathways, potentially exposed populations, and likely 
temporal and spaaal Variatian. AU of these elements 
compnse the c o n c e p d ~ ~ & I  (Exhiit 6 and Appendix 
IX). Oncetheamceptualmodelhasbemdwelaped 
and info!macionhasbeendissermnated . topmjemsa€f. 
the site is scoped to identify data gaps and requircmencs 
for the baseline risk assessment. 
Several key issues that are part of the development of 
data quality objectives CDQOs) should be addressed at 
scoping (Neptune. ez. d. 1990): 

The types of data needed (e.g.. envuonmental. 
toxicological), 

How the data will be used (e.g.. site character- 
h a o n  extent of plume. -.. what chermcals of 
concern will dnve the risl-based deasion). and 

The desired level of certamty for the conclusions 
denved from the analytical data (e.g.. what are the 
probabilities of false positive and false negauve 
results as a function of risk and concenuauon). 

Carefully designed sampling and analysis programs 
minimize the subsequent need to qualify the 
envtrcmmental data dunng the data assessment phase. 
The objecuve of the data collection effort IS to produce 
data that can be used to assessrisks to human health wttb 
a known degree of certainty. 

A aunplete list of chemicals of pomUhl conce!n is 

and Naluated 'This list of analyes is thc focus of the 
riskaszsment EPAnoloageradvocattsthese&aion 

pMdwa?dwhentheanalyticaldatahavcbemco~ 

of "indicator compods" klwause this praaice may 
1wsa#matey Rflea the total risk hxl expare to 
multiple SitedmniralndpDtentiaI mdaes it 
improve the qpaiity OraaxlmCy ofthe riskasesmau 
(EPA 198%). 

Unccrtadnty ~RI data colkst%om a d  dmtiarr. Four m- mtunbemadedrpingdatacollcaioa 
a n d d u a t i o n i n t h e r i s k ~  

' Ihcpreseneeaedlwdsof~tsat thes i tc  
atapmdebedlcvelofderail. 

0 If the levels of site-related chemicals differ 
sirmifirantly~ttleirbackgrotmdlevels. 

0 Whethertheanalycicaidataare~uatetoirlPnrify 
and examine expoare patbways and expuce 
are8s. and 
Whether the analytical dataare adequate to fully 
characterizeexpstaeanas. 

?bese decisions are examined m derail m subsequent 
chaptes. Thedisarssionmthissectioainaoducesbasic 
amcepfs. 

Determining what contamination b pnscrat and at 
what level. Once a site is snspeaed to be collmnrinatprl 
andchemicals ofpotenrial concemhavebeenidentified, 
the levels of chemical con- m the affected 
enviranmental media must be guantiuued to daive 
exposure and intake esumafes. Esimates of the site 
contamination must be produced, with explicit 
descriptions of the degree of certainty assoQated with 
the ConCeLlffation values. 
Variabilitymobservedamcenuationkveharisesfrom 
a combination of variance in sampling charactens . ticsof 
the site. m sampling techniques, and m laboratory 
analysis. The key issue in opamizing the meability of 
data for risk assessment is to mdemand, guantify. and 
minmuze these variabilities. 

EPA's objective is to protect human health and the 
environment. TheRfore. the design of RI programs is 
intended to mininuze two potential emas: 

0 Not detecting site contamination that is actually 
present he.. false negative values), and 

Deriving siteconcenuanonsthatclonot accurately 
characterize the magnitude of amtammauoa. 
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EXHOBIT 6. DEVELOPMENT OF CONCEPTUAL SITE MODEL 

Wentdy 
I Pathways (e.g., De- 

+ l Corrtad) 

Identify Chemicals ol Potential Concern 

Historical data on lormer useage of site. 

Resuiis fmm earlier analyses. 

e Polential background chemicals. 

Mobility, toxicity and degradelion 
characteristics. 

I 
I 

Idenlily Site Characteristics 

Detailed site map, localing areas d 
storage. we and disposal of chemicals 
olpotential concern. 

characteristics infmation. 
Geological, hydmgdogid and soil 

Surface and subscaface topography. 

IPathways (e.g.. Soil 
Ingestion) 

Palhnrays (e.g., Air 
MaPion) 

I 1: Develop Canceptual Site Modell 2100200(1 



ktenniningifsitecmmatratiaarMersignUk=tly 
fromhpcLarrnnd-- 
~ionmhapelineriskarpKanrrrrciswhetbefthesite 
poses an hueaxed rislr m human bealtb and the 
en-t. ThcdecisifnldepaMJsonthtdegreeof 
catainty that the background coneenoations are 
signitbntty dimmu irorm thc concanratians ofthe 
chemica,kofporerrtialamarnatthcsite. Garaally, 
this question can k Conmemly lMwcIcd ally if the 
design of the sampling ~~IIIUI n~mmmodates the 
colleuion Ofm s i t e d  backpmdsalnples and if 
the se lect ianofanalyt ica l~ is  apFropiiate. 
The differences between site and background 
concenaarians is e v a l d  by amparing obsaved 
levels of chemicals of potential amcun at the site with 
measured background amcennations of the same 
chemicals in the same environmental media. 
Statistically, this is atest drhe null hypothesis, that the 
mean carrceanation ofachnical atthestudy areaisnot 
significaatly different from tbe meap concennation of 
t h e c h e m i C a l a t r b e ~ l d O I l . ~ C a l o n -  
site levels or neartry off-site levels m y  be used to 

area is the 4-mile radius used for the air exposwe 
patbwayintheHazaniRanlringSysem.) Ifdamfrom 
backgrwndsamplesaredearfydiff~tfromtheresults 
of site monitornrg (e& mean chemical ConCenrIatiOns 
differ consistently bytwoordersofmagnimde), staristical 
analysis of the datamay nat be neassary. Under such 
cirarmsfaaces RAGS iadicates that the primaryissueis 
es~bh~gareliabkRFresentaaanoftheextentofrhe 
contarmnatedarea Detemmm . ' gextentofconmination 
IS Ilot dtswsed m this gaidance and involves different 
decuions, DQOs, and sampling designs. If the results 
of slre momtoring are less tban two orders of mapnude 
above background, tbe procedures used for samplmg 
and analysis for risk assessment should follow the 

The null hypothesisisdways evaluatedandaccepted or 
~je~t&withaspecifiedle~dafcenainty. Thislevelof 
cemnty is defined by the significance. or confidence. 
level. A type I error is the probability that the null 
hypothesis is re- when m fact it is true (which 
contributes to false psirive canclusions). A type Il 
ermristhepbbiiitytbattbenull hypotbesisisaccepted 
when it is false (a false negative conclusion). How 
sampling and analysis design affeas the likelihood of 
these two types of errors is described in Chapter 4. 

Evaluating whether m n o l y t i c a l  data are adequate to 
identify rand e x a h  e x p ~ ~ u n  pathways and their 
expure areas. Identifying and delineating exposure 
pathways and their expure  areas are imponant in 
identifying pcxenlially exposed populations and for 

S u p p w t m u n d d a U .  AII exampleofan off-site 

recommendatians of chapter 4. 

developing intake estimates. In the baseline risk 
assessment. the risk assessor combines data on 
canmnimion with infamation on humau activity 
paaetnsaoidentify~patbwaysandtodeIe!mine 
t b e e x p o s m e n  lheabilicytoaccompiishtbis 
dependsomtbeadequacy0f;malytical data 
Sampiingshouldbedesignedtoproviderepffsentative 

p o t e n t i a l ~ a n d t o f a d I i t a t e t b C ~ r ? l t i n n O f  

aDaiysisplogramiesults inclag Ofknownqllahtyand 
quantification of SFQCial and rpmryaal vanabilify; it 

data forexpoetlre atas ata site, to address hot spots. to 
evaluate the tranqmt of site-rehted chemicals of 

all expasme @ways. A webdesigned sampling and 

specifies how to imeqxet the magniulde of observed 
values (such as by camparison with background levels 
or some other benchmark). Analyucal Jara should 
characttrite the extent of contambarion at the site m 
three dimensions. 

Evaluating whether analyticai data are adequate to 
f a y  d a m a h  utpasure areas. Heterogeneity 
should be considered in the enviranmental medium 
under evaluation. Hot spots need to be identified and 
characwized. Neptune. a. d. 1990, have proposed the 
concept of an "expm anit" as the area WQ whicb 
receptors integrate exposure. ?his concept establishes 
a basis for summarizing the results of monitoring and 
~modeling.Thesamplingandanalysispmgram 
mnstbedesignedtoenabkthenskassssortorefmethe 
initial charactenzan * 'on of exposure pathways and to 
spamlly and temprally identify the critical areas of 
eXp0SUre. 

2.4 2 Exposure Assessment 
Overview of methnds for oxposum assessment. The 
objectives of the exposure assessment are: 

To identify or Mine the source of exposure, 

To define exposure pathways along with eacb of 
their components (e.g.. source. mechanism of 
release. mechanism of transport. medium of 
uanspon. etc.), 

To identify potentially exposed populations 
(receptors). and 
To measure or estimate the magnitude. duration. 
andfrequencyofexposrtositecontaminants 
each receptor (or receptor group). 

Actionsat~ou~wastesitesarebasedonanestimate 
of the reasonable maximum exposure (RME) expected 
tooccur underboth ament and future conditionsof land 
use EPA 198Oa). EPA defmes the RME as the hghest 
exposure that is reawnably expected to occur at a site 
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overtime. R M E s ~ c s ~ f o r i n d i v i ~ p a t b w a y s  
arrd " l e d a c n a s e x p a s m e p i f ~ .  
OnC4EpOt tZUUYexposed~aTe idenr i f ied  
en- 'aalsat*ofexpasme 
rrmstbede=umed - orprojecled.Iluakeatimates (in 
mg/kg-day) ~ p t  therr dmdoped forcad dvmbrl of 
pooeatialcawxrnpsingacQmuvah cstinmcof* 
a v e x a g e e a a r m n n i n n t o w h i c h ~ ~ e x p D s e d  
overtheexposmeperiod. (RAGSreaomnamdsa959b 
~confideacCiimit (uU) on thezaalmaicmcen.) 
ThecoIKnmatioarestimateisfhmunnbinedwithother 
expsprc paramem (e.&. hpeacy, dnrarim and 
body weight) to calcume intake. 

In the risk assessnentrepaa~ eshates ofintakeare 
accompaniedbyafi~.Udescriptian(ir~~Indingsomrrs) 
0 f t h e ~ t i o n s m a d e m t h e i r d c v e ~ L  lhis 
infonnation may be d subsequently in sensitivity 
and uncertainty analyses m me risk charaaeriza tim. 
Uncertainty rpnrplysis in exposure assessment. 
Exposuxe asesmeau can inrroduce a great deal of 
uncerrainty into the base&& risk asesmea process. 
small measures of tulmainty in e& of the input 
parameters which compise an exposure scenariomay 
result in substantial mcenabty in rhe final assesanem 
The largest measure of uncenainty is assoQBted . with 
c h m m z b g ~ - - o f ~  
intheenvironmem. establishinge.xpmres&!pingsand 
deriving estimaw of chronic intake. The ultimate 
effect of munrainty intheexpsweasesmuUisan 
uncertain estjmate of intake. 
The followmg sections discuss the signitkance of the 
uncertainty in the analytical damset on selected aspects 
ofexposm-LForamoreaxnplete~m 
of r h e e x p o s u r e i ~  thereaderisreferred 
to RAGS, Pan A. 
Characterizing environmental fate, identifying 
expasure pathways, rand identifying receptors at 
risk. An evaluaricm of b e  musport and uansfomation 
of chemicalsin theenviromnartiscondmforsed 

To understand the behavior of site-related 
chermcaisofpotentialconcem, 

0 To project the ultimate disposition of these 
chemicals. 

To identify exposure patbways and receptors 
potentially at risk, and 

Tocharactarze environmental concentrations at 

These evaluations g m # ~  be accompbhed with any 
degecofcertaintyiftheiulalyticaldataarrlmdeqme. 

reasom: 

the piat of exposure. 
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OP Uncertainty in the analytical data, 
compounded by uncerraimy caused by the 
selecn'on of the transpofi models, a n  yield 
resutrs that are meaningless or rhar cannor 
be hterpreted. 

Estimating chemical intake. Uncerrainties in all 
elements of the exposure assessment come together, 
and are compounded, in the estimate of intake. It is here 
that the professid judgment af the risk assessor is 
prticularly importanr The risk assessormust examine 
and interpret a diversity of information: 

0 The- extent andmagnitudeofconramination, 

Results of environmental musport modeling. - Identification of exposure pathways and areas, 
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* Identificationof~frecepargrrmpsEprrentyexpscd 
and~tidlYexpoSedinthefparre,amd 

0 Activitypancnrsaad-0f-d 
m g r w p s .  

B d O D t h i S ~  . tberisitacarruerhp 
t h e ~ ~ s e u i n g a n d q ~ a n ~ ~  
in the equaths to estimate intake (EPA 198%). 
chemical inmkeisafrmcricraof theconce~anon - of& 
chemical at the point of contact the amount of 
amrrminatedmedirrmcontactedperlmittimeorevart 
the exposmr: fiequeacy anddraation. M y  weight rhe 
ability of the cbmrical to pea- the exchange 
boundary. and the average time period bning w m  
exposrneocans. E x t ~ i i t i s i s ~ g e n a i c o f t h e  
intaire~uation U S d i n ~ a s s e s S n e a L  

Thespecific faanof tkintakeequatimvariesdcpedbg 
uFon~=posprepathway-- kg.,  
ingestion, inhakum . dermal amtau) (EPA 1989a). 
Each of the variables m these equations, mclnding 
chemical concentration, is commonly charaetenzed - a s  
a pornt estimate. However, each intake variable in the 
equation has a range of possible values. Site-spcific 
c-tlcs determine the selection of the most 
appropriate values. In an effm to increase amsismcy 
among Superfundriskasesments, EPAhasestablished 
standardized exposure parameters to be used when site- 
specific data are unavailable (EPA 1991b). Note that 
the combwon of all factors selected should d t  m 
an esumate of reasonable maximum exposure for ea& 
chemcal rn ea& pathway (EPA 1989a). 

For most risk assessments, it may not be possible, nor 
necessarily advantageous, to develop a quantitauve 
uncenatnty ana3yss. In rhese cases, a summary of 

exposure estimates should be included to provide a 
qualltatlve charactenzan . 'on of the level of cenaurty m 
the intake esumates. 

WJOr aSSUmptbS aad rb& effeas On f d  

2.1.3 Toxicity Assessment 
Overview of mtlnods for toxicity assessment. The 
objecuves of toxicity awxsment are to evalnate h e  
inherent toxicity of the compounds at the site. and to 
identify and select toxicity values to evalwe the 
significance of receptor exposure to these compunds. 
Toxicityassessment;relyonscientificdataavailabkm 
the literature on adverse effects on humans and 
nonhuman species. 
Several values of toxicityare i m p o m  111 human health 
riskassesanents.Referencedoses~)andreference 
concentrations are used for d and inhalation 
exposure, respectively. to evaluate ncm-camnogenic 

15 

anddevelopmcntaleff~caacerslopt~aardunit 
risk estimates ae used far the mal and inhawon 
pathways fat Carcinogens. 

RfDsdRfCsarevalPcsdevelopedbyEPAtotvaluatc 
tbc poratial farnon-caseioogenic e€fects in humans. 
?he RfDiSdetinedas an csthare (with Ixurminty 
sparming an order of mag&& amare )  of a daily 
exposore level for human ppdamus - ,including 
8eDsitive m b ~ .  thatislikely tobe witbut an 
appffeiable risk of adverse healtb eff- ovq the 

RfDsmay be derived fopa ckmicai foliummedme * a r  
i o m g - w n e x p o s l P c s . - v a l u r a r e ~  
derived from tbe ~ & - ~ v c r s e ~  Iml 
~oAEL)orthelowest-o~-ad~dvaseeffealevel 
(LOAEL) and the application of UIlCQtaify and 
modifying facrtxs (EPA 198%). UnCatainty facaxs 
are llsed to accotmt far the variation in sensitivity of 
humausub-~onsaudthermQttavuy - inhermtin 
e x ~ l a t i l l g t h e r e s n l u o f ~ ~ e 5 c h u m a u s .  
Modifyingfaaorsacamtforadditionalummaimb 
m the studies used to M v e  theNOAEL or LOAEL. 
CancaslopefactorsaudunitriskvaluesarecLefinedas 
plausible, uppz-bound estimates of tbe pmbabiity of 
cancer respnse in an expseri individual. pa nuit 
intake over a lifetime exposw period (EPA 198%). 
EPA commonly develops slope factors far Carcinogens 
Witb weight-ofevi~classifications thatrdlentbt 
liirelihood that the toxicant is ahrrman carcinogen(EPA 
1989a). 

To reduce variabiity in toxicological values used fop 
risk assessment. a standardized hierarchy of available 
toxicological data is SFeCified fop Superfund. Tht 
primary source of infomation for these data is the 
Integrated Risk Infomation System (IRIS) daubuse 
(EPA 1989d). IRIS consists of verified R1Ds. Rt;cs. 
cancer slope factors. unit&kS.and otherhealtb riskand 
EPA regulatory m f d o n .  Damin IRIS are reguhrty 
reviewed and updated by an EPA workgroup. If toxicity 
values art not available m IRIS. the EPA Health €fleas 
Assessmen! Summary Thbles (HEAST) (EPA 199Oa) 
are usedas a secondary current source ofinfomation. 
Additional sources of toxicity infomation are provided 
in RAGS. 

'The toxicicy assessment is conducted parallel with the 
exposureassessment. butmaybeginasearfyastheJata 
collection and evaluatinn phase. As chunrcals of 

begins to identify the approFriate toxlnty values. A 

timely identification of the chemicals tbat will be the 
focus of the assessment. 

priodofexpure(EPA 198%). S u b c b m u i c o p ~  

pten~conceInareirientifiedat~sltRrhetoxrcologist 

well-c)esignedsamphgandanalysispm~faciiiuu+s 



C h e m i i d v a l i a b i e  

C P chemicalconcentration:theaverage 
corlwntmtion contacted overthe expasure 
period (e.g., mglliter water) 

Variables that dsscribe ths exposed population 

CR = amtactrate;theamuntofcontamrnat - e d  
d i m  contacted per unit time or evemt (e.g., 
l i t d d a y )  

EFD = exposurefrequencycind duration; describes how 
kng and how often exposwe occuos. Onen 
calculated using two terms (E and ED): 

EF = exposure frequency (days'year) 

ED =exposure duration (years) 

BW = body weight the average body weight over the 
exposure period (kg) 

Assessment-determined variable 

AT = averaging time: period over w h i i  eapsure is 
averaged (days) 
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2.4.4 Risk Chamcterization 
Ovamew of mthods for rQk --tion The 
last step in the baseline risk assessment is risk 
characrerizatian. This is the process of integrating the 
results of the exposure and toxicity asesmentr, by 
companng estimates of intake with appropriate 
toxicological values to determine the liLelihood of 
a d V e r s e e f f e c t S i n p o o e n t i a l l y ~ ~ U l a l l ~ .  Risk 
charactenzation is considered separately for 
camnogenic and effects. because 
organmu typically respond diffemxly followrng 
exposure to carcinogenic and nm-caranogenac agents. 
For noncaranogenic effects, toxicolog~~~~ recogxue 
the emtence of a threshold of exposure below which 
theressytobenofIpjm&wriskofadversehealtb 
lmpacrs in an cxpmed individual. It is the cumntEPA 
~ S l U O a r  that expure to any level of Carctnogen1c 
compunds is considered to carry a nsk of adverse 
effect and that exposure is not cbaranaaed by the 
existence of a tbrsbold 
EPA’sprofedtlrrfaa- - grisk fram exposure to 
carcinogenic tmqomds (EPA 1986a, EPA 1989a 
EPA 1989b) n s e s a w n - ~  Qse-respoasemodel. 
The model is used OD ralmlatP a cancer slop factor 
(mathematicany. the slope of the dose-requme curve) 
foreach cbentical. GmeraIly. the cancer slope factor is 
used in conjunction with the chronic daily mtake to 
denve a probabilistic uppcrbound esftmate of excess 
lifeume cancerrisk to theindividual. 

B Uncertainties in toxicologiwl measures 
and exposure assessment are often 
assumed to be greater than uncertainties in 
environmental analytical data; thus, they 
are assumed to have a more significant 
effect on the uncertainty of the risk 
assessment. 

Resourceandrimeconsnaintsoftenlimittheop~ormnity 
tocievelgawell-desi~andcomprehensivedataset. 
Riskassessmeatrmustbecanductedusingtheavailable 
infomatim even when there 1s no OFprnmrty to 
improve the data set However, the resuk should be 
pteSQlfedwithanexplicitsta-re*g- 
and uncerrainty. 

Ifpsii le,  asensitivity analysis should be conducted to 
boundtheresultsofriskassessments. Asunpleqproach 
might consist of esrablishing the range of potential 
valws (e.g., minimum, most likely, and maximum) for 
key input variables and discussing the influence on the 
resulting risk estimates. The key variables can then be 
ranked with respect to the magnitude of potential effect 
on the risk estimates. In certain instances. more 
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2.2 ROES AND RESPONSOBIUTlES 
OF E Y  RISK ASSESSMEW 
PERSONNEL 

The riskassessargenaally eniisuthe participation of 
~ndividuaIs with spedfic skills and technical expemse. 
The quality and utility of the basehe risk asessment 
will ultimately depead on the planning and mteraaion 
ofrbesecprhnicalprofessionals. ~ y p m i c i p l ~ i n c l &  
the RFM and the risk assessof, who are pMarily 
responsible far ensuring that data codlectled during the 
RIareuseableforriskassessnentactivities. other 
participants include hydrogeologists. chemists, 
s lat lsricransqrtal i tyas~staf i ,andot#ler~ 
suppanpersonnelinvolvedinplanningandconducring 
the RI. Exhibit 8 summarizes the roles and 
responsibilities of the risk assessmen! participants. 

2.2.1 Project C ~ ~ r d i n a Q i ~ p  
All data collection activities that support the risk 
asssessnem are coordinated by tbe RPM. The RPM's 
responsibilities begin qon  site listing and continue 
throughhofofthesiteofNationalRiorities 
List. A network of technical expens, including 
representatives of other agencies involved in human 
health or e n ~ e n t a i / e c o l o g i c a l  assesmats or 
relatedissues.isestablislIedatthesranoftheRI. ?his 
ens- that the potential fopadvuse &em 10 human 
healthandtheantironmeatisadeqPaaelyduring 
them. Tosucccssfunyphanddirrctthe~a~@hgand 
analysis effort the RPM must facilitate mteraaion 
amcng keypalticipanu. 

2.2.2 Gathering Existing Site Data 
andl Deweioping the C~nrm~ptual 
Model 

2.2.3 Project Sc~ping 
The adequacy of the sampling and analysis effort 
d e ~ t h e q u a l i t y 0 f t h e l i s k ~ t .  nlerefore, 
it is imperative that the risk assesor be an active 
member of RI plaanmg and continue to be involved 
during the entire murse of the project 
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EXHIBIT 8. ROLES AND RESPOMSIBILITES OF 
RISK ASSESSMENT TEAM MEMBERS 

I 

I 
B 
I 
I 

E 
E 
I 
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ii 

mallly aaloI8mm ~ m l l c s t  
R e o m b l e  for data quality mww and technical esolstence in preparing QA documents. 

0 Providss histoncal pe- QA data or mommendatKwrs for appmpliete OC. 
0 E n w m  a&quat@ QA procadurn em in piece, including f i d  and enalfld audits. 
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Afm scoping, the RPM guides the preparatiaa of tbe 
worlrplaa aud quality assurance documents. The 

plan (QAPjP) shouiddocument the combinexlciecisions 
of the RPM, risk assesor, and orher project staff. 

warirplaa the SAP. and the quality assrpanee project 

EXMBlT 9. EXAMPLE RUSK ASSESSMENT 
CMECB(US% FOR USE IN SCOPEMG 

1 

e Has all historical inionnation been gathered and charaderized 
and is it appropriate and available for use? 

0 What sample matmes should be investigated? 

What anaIytical methods should be used? 

Are the methods appropriate for rlsk assessment, given 

0 Will any special qualii control requirements be necea(iary? 

0 Who will conduct the analysis (e.% which type of laboratory)? 

e What analytical data sources should be used (fixed laboratory 

0 What samplvlg designs are apploprtate? 

specdic contammants present and their tox ic i  

and/or tield analysis)? 

How many samples will be needed? 

How will the data review be accomplished? 

0 What types of delirabies will be required? Specify the types of 
deliverables required from both laboratory and data ValMatm. - What budget or other limitations constrain data collection (e.g., 
due date, contractor availability)? 
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panicular~p~isplacedmestablishingcopfidarcc 
limlts. acceptable cmn, and Iml of qaality camrd 
(discussed in Chapter 3). This facilitates costeffective 
design of the sampling and analydcal program awl 
mnrmizef the colltaiap of dam of limited use for risk 

The risk assessot reviews the workph and SAP OD 
ensure that the releMnt data qpality i!mEs sampling 

assessmeat. 

design.analyticalneeds auddataasesmmtpmdmes 
are adequately addressed for rislt ~ssessmmt Exhibits 
10 and 11 provide CbecwiStS to aid the review of the 
workplan and SAP. 

2.2.5 Budgeting and ScReddiwg 
As the overall site manager, the RPM must address and 
balance risk assessment dataneeds with other data Use 
needs. sucb as healtb and safety, treatability .mdicr, 
uanspn, and tbe nature and exmt of- 
The risk assessor is respousible for identifying SFedfiC 
data requirements for risk assessment and 
comrnunlcating these needs to the RPM. The RPM is 
responsible for developing and implementing the 
schedule for acquiring the dam Balarrrag cosrs and 
services while adhering to the schedule is a major 
responbibihy of the RPM. 
The RPMmustcoordinatetheuseofanalyticalservices. 
Data from different analytical so~pcts provide the 

Continuing, open, and €iequent cammunimtion among 
t hep rk ipaw is crirical to the suc&ss of the RI and 
baselhrisklcrecranmt Asin@ meeting or discussion 
is rarely adequate M ensure chat al l  relevant issues have 

within rbe RI report is an iterarve process of action, 
feedback, and CorrecfiOLl or adjustment. 

beea addressed. lklelw of the risk ;Lwesunent 

Afterreview ofthe workplan. the S A P ,  and the QAPjP. 
the RPM monitors the flow of infoxmation. 'Tbe risk 
~assiststheRPMtoensurethatthe~produced 
are iacampliancewiththerequirementsof rhe worlqqlan 
and SAP. Key questions they consider once the data 
becameavailableare: 

* Have ConECc sampiiag ptocols been followed? 

Have all critical samples been collected? 

EXHBBK 10. CHECKLIST FOR REVIEWING THE WORKPLAN 

Does the workplan address the objectives of baseline risk assessment? 

* Does the workplan document the current understanding of site history and the physical setting? 

Have historical data beem gathered and assessed? 

* Has information on probable background concentrations been obtained? I 

* Does the workplan provide a conceptual site model for the baseline risk assessment, including a 1 

summary of the nature and extent of contamination, exposure pathways of potential 
concern, and a preliminary assessment of potential risks to human health and the environment? 

* Does the workplan document the decisions and evaluations made during project scoping, 
including specific sampling and analysis requirements for risk assessment? 

describe the sampling, analysis and data review tasks? 
Does the workplan address all data requirements for the baseline risk assessment and explicitly 

1 

PlQ024tO 
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1Do the a b j j s  of the OAPjP and the field sampling plan meet risk assessment needs 

Are WQC procedures provided for in the SAP adequate for the purposes of the baseline 
riskassesanent? 

Have the data gaps for risk assessment that were identified in the RI workplan been 
adequatelyaddmsedmtheSAP? 

Are there suffideplt QC samples to measure the likelihood d false negatives and false 
posithi, end to &ennine the precisim and accuracy d rewltbrg data? 

Have anatyticallmett#ds been selected that have detedion Iimits adequate to quantitate 
contaminants at the concentratian of concern? 

Havs SOPS been prepared for sampiing, analysis and data review? 

Will the samphg and analysis program resutf m the data needed for the baseline risk 
assessment: 

- to address each medium, exposure pathway and chemical d potential concern, - toevaluate background concentrations, - to provide detail an sample bcations, sampling frequency, statistid design and analysis, - to evaluate temporal as well as spatial variatibn, and - to support evaluatian d current as well as future resource uses? 

estaMied h the scaping meeting? 

Have the samples been analyzed as requested? 

Aredaraanivingmarimelyfashion? 

Have*Samplequantioltionlimidderec- 

Hasqualityassrpancebeenaddresscdasstatedin 

tion limits ban achieved? 

tbe S A P  and QAqP? 

* HavethedatabeenrrviewedasstatedintheSAP? 

0 Is the quality of the analytical data V b l e  for 

Basedupontheseconsiderations,rheRPfuZrisk- 
andothertedmidte;rmmembasmpstjoindy~ 
if any correuive atxiomareneeded such as requesting 
additional SampIitg, using alternative analytical 

theirintemwuse? 

methods, or reanalyzing samples. 

2.27 Data Assessment 
ThtRPMandrisL~arorkwi~otherparricipanfs 
to idennfy alist of chemicals ofpotentialconcem and 

2l.003411 

decidemdatareviewprocedures. lhisinfonnauonis 
d e ~ d r t r i n g p r o j e c t s c o p i n g a n d ~ ~ i n m  
the workplan and S A P .  The RPM, nsk ~ssesso~. and 
projectchemistctaldagreeon thetypeandlevelof 
datareviewrequiredforb0thpsitiveand"nOndetect" 
results. Typically, the RPM asesses tbe overaU data 
nviewed by the chemisf and the risk assesorreviews 
data relevant to risk assessment. unless other 
anrangemenuhavebeencstablishedandexplicitlystatcd 
in the S A P .  

Tht risk assessoT may request prelirmnary data or 
results that have received only a partial review, in order 
toexpedhtheriskstosavetimeandresamu. 
~ d a t a c a u b e I n e d t o ~ t h e ~  
m o d e l o r t o b e g l r l t h e t o x i a t y ~  Thedatamay 
alsoindicateaneedfmnmdifying-goranalyOcal 
pmc&xes. However, p r e b h r y  data should not be 
llsedincalcalatingrisk oncethefuIlanalytlcaldataset 
is obtained, the RPM and risk asseswr should consult 
with the project chemist and statisticiau to assess.the 
utility of all available mfrmation. 

. .  
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Site name and sample M o n s .  

e Measures of central tendency (e.&, 95% UCL on 
the arithmetic mean of the environmental 
a m C a l W ) .  

Specawbm fortbe treatment of detection or 
quantimtion limits and treamnent of quaiifred daw 

' 

ami 

0 Ri3algesofanlcennaa;ons. 

A n ~ ~ q u a l i f i ~ d l i m i t a t i o n s s b o u i d  
beeqkitlysatedinthctables. 'Iberiskassesor 
pr0vidc.S the final data srmmrary tables m the RPM. 
project hydrogeologist, project chemist, and other 
~ p F o j e o s t a f f f m r e v i e w .  Thesearethedata 
that will be used m tbe baseline risk assessment to 
~thepaemialrisktobumanbealth. I t i s  
esseatiaL dlerefm that this information consistsof the 
best data available and reflects the C o M v e  review of 
thekeyparticipantsintheriskassessment Anexample 
of such a set of darais givem in Appendix I. 
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U seabi I itpp e Risk Assessments 
'Ibis chapoerappiies data useabiiity aitaia to data 
c o l l e a i o n ~ g e f f o r t s t o ~ t h e u s c B b i l i t y o f  

assessllenfs. Italsoaddressesprelimiaary issues m 
plannmg Sampling and analyJis pmglams. 
?hecbaprcrhastwoseaions. S e c t i o n 3 . 1 ~ d a r a  
useabijify criteria irrvolved m risk -t and 
suggests ways they can be applied toen!mrCdara are 
useable. s e c t i o n 3 2 p p e s e n u ~ ~ ~ g a n d  
analysisissuesincludingideal~mofchemicalsof 
potential concem, available sampling and analytical 
strategies or methods, and probable sources of 
uncertainty. 

Befurescoping thew itis criticalfarmcaddplauning 
that the RPM develop a ccmcepd site model (Exhibit 
6 )  in consultation with the risk assessor and all 
appropriate personnel. This chapter provides the 
background information necessary to pian for the 
acquisition of environmental dam for baseline risk 
assessments. The quality of a risk assessment is 
mtimately tied to the adequacy of the sampling and 
analysts plan (SAP) developed during the RI. 

environmental analytical data in baseline risk 

0 Effective planning improves the useability 
of environmental analytical data in the final 
risk assessment. 

Dam needs for baseline risk assessments are not 
necessarily met by data the RPM acquires to idenufy the 
nature and extent of co-on at a Sqerfund site. 
For example. a samplmg strategy designed todetermine 
the boundanes of a contaminated area may not provide 
data to quanurate concentrations within an exposure 
area. The nsk assessment may also require more 
precision and accuracy. and lower detection limits. 
Accordingly. the risk assessat should k an active 
member of the team planning the FU and must be 
consulted fmm the stan of the planning process. 

Four tundamenral deasions for risk assessment are to 
be made with the Clara acquixed dunng the RI, as 
diwussed 111 Chapter 2. 

If the sampling clesign is repmentative, the 
quesuon of what ConfamiTlatiOn is present and at 
what concenmuon is an analytical problem. Key 
concerns are the probability of false negatives and 
falsepositives. Thes;electioaof analyticalmehods. 
laboratory perfomce. and type and amount of 
data review affecrs these ssues for both site and 
background sample\. 

* Assuming that chrmtcals of potential concern 
have been identified. the second question involves 

background levels of umtan&urion. Are site 
cancaurarians sptficienriy elwated from me 
backgroundlevelstoindicateanincreased risk fm 
humanhealth due to site conraminaaon? 

0 AUeJgKlsrnepathwaysandexposureareasmast 
kicknIi6edandexammed . .Tbetwode&ions 
c o a c a n i n g ~ p a r b w a y s ~ ~ p r i m a r i l Y  
mvolve idenrifying and sampling the media of 
concern. 

?befinalrlacisinninvolvescharaeterizm g a p o s m  
areas. Sampling and analysis must be 
~veaIulsatisfyperfonnanceobjeCtives 
daamined during rhe planning process. 

FuplamringandiIxIp~lalianofRIplans~rhe 
&rQinty of &unical identification and qnaatigtian. 
llurefore,theRIneedstocoileauseableenviroamenral 
aualyticaIdamtoemabletheriskasessortomakethese 
decisions. 

A A  
CLP 
CRDL 
CRQL 
OQI 
DQO 
Gc 
HRS 
ICP 
IDL 
LOL 
LOQ 
MDL 
Ms 
OVA 
PAS1 
PAH 
PCB 
PQL 
QA 
Qc 
QApjP 
Qm 
RI 
WFS 
RPM 
RRF 
RRT 
SAP 
SOP 
SQL 
TlC 
'IRIS 
XRF 

Acronyms 
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3.3 DATA USEaBlLwy -RIA 

3.1.1 Data sourrces 

EXHIBIT 12. DMPQWTAWCE OF DATA USEABILITY CRITERIA 
BN PLAp(ovllN6 FOR BASELDNE RISK ASSESSMENT 

Data Swrces 
(3.1.1) 

21002412 
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Represonta- 
tnrenes? 

I P-n 

Data Rev*m 
(3.1.5) 
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EXHIBIT 13. DATA SOURCES AND THEIR 

Availobk Dab 
sourree 

PNSI data 

HRS 
documentation 

Site records on 
removal and dwosal 

Toxic Release 
Inventory System 
(TRIS) (Industry- 
Specific) 

Site, source and 
media characteristics 
as found m PAlSl data 
and reference 
materials 

Field screenmg 

Field analytical 

~ 

Fined laboratory,' both 
CLP and non-CLP 
( P A .  state, PRP, 
commercial) 

Analytical 

Site records, 
manifests. 
PmI .  
enaiytd 

Administrative 

Chemical 
discharge 

Physical 
parameters 
(e.g.. meteor- 
ological, 
geological) 

Analybcal 

Analytical 

Analytical 

0 Determining fate and transport 
0 Defining exposure pathways; 

- Quantitating the risk assessment - Providing a reference - Broad screen - Confiiing screening data 

e same instrumentation available as iixed laboratories, 

n4o591a 
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Fixed laboratory analyses are particulariy useful 
for broad spearm and confpmaaon analyses. 
They often provide more detailed xnfomanon 
o v a  a mder range of analytcs than field analyses. 
Fixedlaboraunyanalyses~criacalroqllima*tanve 
risk assessment and site characumaaon. 

Adlscussionofissuesrelatedtokldandfixedlaboratory 
analyses is presented in Secuon 32.9. 

Analytical services constitute a significant poruon of 
the Superfund budget and should be conserved when 
possible. CLP costs do not appear on the remedial 
invesugahdfationlfeasibiliry study (WFS) project budget. 
Analyte-SDedfiC methods may be used for chemlcais 
identifd after a broarl sqecuum analysis by CLP or 
other fixed labaratoly analysis, and may provide more 
ac~pate results. Site samples analyzed by CLP rouune 
analyticalservices takeanaverage of 35 days to produce 
resultsanddatareviewwilladdtotheoverallturnarormd 
rime. 0therdatasomces.suchasamobilelaborauxyor 
CLPQTMorspaal armlyticalsemies,carr quickly 
pNxJuce g a d  "fmt loolc" results which can be followed 
UF- . y while on site. Mobile labopatohy services 

standard operating plnuxhm (SOPS). 

Field and aualyucal recwds. and 

0 chain-of-custodyrecords. 

Sampiing and anralysir plan. The scoping meetings 
and the SAP must clearly establish the end use 
requiRmentsfordara l h e d a t a ~ m d i c a t c m f o r  
assessingresuluagainssstatedperformanceobjeceins 
should also be doannmled in the SAP (see section 
3.1.4). The S A P  includes the QAPjP and infamatioo 
required in the SOPS. fEld and analyucal rermds, and 
chainofcustody records (EPA 1989a). 
Standard opemtirng procedures and M d  lnsd 
a-4 mamk SOPS for field and amlytld 
methods must be wxitm far all field and labommy 
proctsscs. AdherencetoSOPsprovidesconsismcyin 
s a m p l i n g a m d a n a l y s i s a n d r e d ~ t J l e ~ o f s ~  
elTorassasaw . withdatacollecaon . andaaalysis.Exhibit 
14 lists the types of SOPS. field records. and analyricai 
~ t h a t ~ ~ U a I l ~ a s s o C r a t e d w i t h R I d a r a c 0 ~  
and analyses. and relates the imprtance of each to the 
riskassessment 
Audeviationsfromtheref~cedsoPssbouldbepre- 

established SOPS maybe of mted use because thea 
quality cannot be detelmined. 

Chiainst-cPstody. The technical team must ded& 
duringscopingwhatdatamaybeusedfarcostrecovq 
actions, and plan accordingly for the use of full-scale 
chain-of-custody or less formal chain-of-custody 
proaxhm. Full-scale chainof-custody is required for 

approvdbytheRPManddocumenced. Samplesthat 
are not coU& or analyzed in accordance with 
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Chain.of-Custody 

Documentation recorda linking data to sample location 
Sampling date 
Sampletags 

0 Laborstory receipt and tmc&ing 
cuatM)ystmls 

Add a d  AnalytiOal Reoord, 
' Fieldbgreoordr 

fidd infornabon describing weam81 amdilionr, phyaid pmwetam 
or uterpedfio Qdo# 
Documenmon for devlatkne from SAP and SOPI 
Data fmm anefyua - raw data ruth M instment wtput r m ,  
chromatograms and laboratory narmtnre 
Internal lebomtory record, 

cost recovery and enforcement actions, but does not 
affect a quantitative determination of risk. Full-scale 
chain-of-custody includes sample labels and f o d  
documentation that prove the sample was not tamped 
with or lost in the data collection and analysis process. 
Sample identity must be veriflable from the collector's 
notebook and laboratory data sheeu. as well as from a 
fomd chainof-custody. 

3.1.3 Analytical Methods and 
Datestion Limits 

Tbe choice of analytical methods is important in RI 
planning. Apppriateamlyticalmethodshavedetectim 
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limits that meet risk assessment requirements for 
chemicals of potential concern and have sufficient QC 
measures to quantitate target compound identification 
and measurement. 'Ihe detection limit of the method 
directly affects the useability of data because chemicals 
reprednearrbedetectionllmithaveagreaterpossibility 
of false negatives and false positives. The risk ~ssessot 
orRPh4mustmsdtachemist forassistanceinchoosing 
ananalyticalmethodwhentbocieavailablehavedetection 
IlmiunearthelequiFedactionlevel. wheneverpossible, 
methods should not be used if the detection limits are 
above the relevant concenmtims of concern. 
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3.1.4 Data Quality Indicators 
DaraquaIitymdicatm(DQIs)aRident&ddaringthe 
development of dam quality ob~ectives (DQOs), to 
provide qnarrtitative measllrcs of the &ielmmm of 
quality objectives. This seuion discrrsses eacb of five 
DQIs as they relate to theassessnezllof sampling a d  
analysis. 

0 Completeness 

Comparability 

Representativeness 

Precision 

Accuracy 

These indicators are evaluated through the review of 
sampling and analytical data and accompanymg 

documentation. The risk assessor may need to 
~withaEhanictorstahsticianafteftbedata 

'lkxefore, the SAP, field and analytical records. and 
SOPS should be accessible. Exhibits 15 and 16 
Summarize the hpmance of DQIs to sampling and 
aualysisinriskasseJsncntandsaggestplamungactions. 

E a c h D Q I i s ~ i n [ h i s s e c t i o a  Notethatthe 
specificlrstofthcindicmolsto~datauseability 
is diff&nt for sampling and analysis. For example, 
ampktwessasappiiedtosampiingrefersothenumber 
O f ~ k s t D b e C o i l e a e d  CompletenessasappIiedto 
analytidpedoamanceprimadyrefexs to the number 
of datapints dratindicaoe an analytical RSUlt for each 
chemical of interest (e&. 10 samples analyzed for 25 
chemicals will produce atotal of250 data points. 10 
data painn for eacb chemical). 

wIkctionpn#esshasbecncompletedtoevaluateDQIs. 

EXHIBIT 15. RELEVANCE OF SARABUNG DATA QUAUTY INDICATORS 
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EXHlBlB 16. RELEVANCE OF ANALYTQCAL DATA 
Q U A m  UNDsCaTORS 

Indicators 

NoMeprseentativedataor 
non-bmogmrty of sample 
rncronses the potentiel fortaloe 
negabvoo or false ~porutnres. 

Precision pmder  ltm level of 
confidence to dlsangulh 
betmen stte and background 
b v d r  of mntammatm. It ts of 
P V  mPo--the 
amcenuatm of concern 
appmachw~ the dekaon limit. 

21402416 
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Compietemss. Completeness is a m e a s ~ ~ n  of the 
amonnt of useable data &ring from a data oollccrian 
activity. Therequiredlevcldcomplerclnesssbouldbe 
definedinrheQAPjPforthtnlnnbaof~amplesfftluPed 
m the sampling design and forthe qnashty of llseable 
d a r a f o r r h r ? m i r a l - ~  Qtapoinrsneeded to- 
performanccobjectives. Aurequiraldaxaitpnsmmt 
b e O ~ f o r a r i t i c a l a n m a l p r a n d ~ w b i c h  
areidentifieditheQApjp. Jnramnlr*mwaioan~data 
item may bias d t ~  w d l  h tht --Of 
meabledata 
Problems thatocandraing dam wlleaian andamlysis 
affect the COmpIcteness of a dam s e ~  Fewer samples 
m a y b e o o l l e a e d a n d a n a l r p l l ~ p -  
b e c a u s e o f s i t e ~ ~ ~ r o b l e m t . ~  
maybeaffeaedifcapacityisexcseded.~gdarato 
be rejected. Some sampiesmay notbeanalyztd doe to 
matrix problems. Samples that are invalid due to 
holding time violations may have to be recolleacd or 
the dataset may be determined as useable only to a 
lim~ted extent 'Iherefore, both advance planning m 
identifying critical samples and the use of alternative 
sampling procedures are necessary to ensure 
completeness of a data set for the baseline risk 
assessment. 

Comparability. Comparability expresses the 
confidence with whicb data are considered to be 
equivalent. Combined data sets are used regularly 10 
develop quanutative esamates of risk Tbe ability 10 
compare data sets is particularly d u d  when a set of 
&ira for a specific parameter is applied to a particular 
cancentration of concern. 
Comparability for samplq pnmaxily mvolvessampling 
designs and tune periods. T p c a l  quesuons to consider 
in determming samphnng comparabihty mclude: 

Was the same appmacb to sampling taken m two 
samplmg designs? 

Was the .sampling performed at the same tune of 
year and under sxmilar physical conditrons in the 
individual events? . were samples filtered or unfiltered? 

Were samples preswed? 

Typical quesuons to consider in determuring analyod 
compabihty mcludr: 

Were different analyucal methodologies used? 

Were detecuon lrmits the same orat least simiht? 
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0 Waedi f€~t labaaum 'cs used? 
0 Waemeuniuofmeasuredlesame? 

0 WeRsampkpleparatran * pnxedmsthesame? 

Use roatineavailable methods and consism1 units of 
I U W S l X C ~ d a r a C O ~ ~ W i l l S p a n S e v e r a i d i f E ~  
sampling cvmns and labors-, to incnase the 
likelwd thatanalycical d o  Wil l  be comparabie. 
ForfieId analyses wnfmed by laborarmy analyses. 
carefplaamfionmnstbetaiten tomsurethattbedala 
froanfieldandfixcdhlxxatm 'esarecomparabieor 
cquivaht (see Seuion 32.9). When precision and 
ar+mncvIpR~thedatasascanbe~paxedwith  
co&kacc. plasmingaheadfwaanparabiesampling 
designs, nnethods, quality cosltfol. and donrmcntation 
WillaidtherisL~inamlbiningdarasetSforeaeh 
-pathway. 
Represemtativtrncss. For risk assessment, 
rep4csenrarivcaessisthe e x m t  to which datadefine the 
uuerisLtohumanhealtbandtheenvironmeat. Smples 
must becollected to -the site'scharactens ' ticsaad 
sample analyses must represent the properas of the 
f&i sample. ?he homogeneity of the sample, use of 
~ h i m d l i n g , ~ p R s e r v a t i o n p ~ u r e s .  
andthedetectimofanyanifaasoflaborataryanalyses. 
suchasblanlramraminatiOn,areparticularlyimpottan~ 
For risk assessmens sampling and analyses nust 
adequatelyrepresent each exposureareaorthe defmition 
of an expxure boursdary. 
Repftsentativextess can bemaximized by ensuring that 
samphg locations are selected propesly. potential hot 
spots are addressed. and a suffiuent number of samples 
arecolleaedoveraspecifiedumespau. T h e S A p  
should describe sampling techniques and the rationale 
used to select sampling locations. 

Precision. Recision is a quantitative measme of 
VariabiIity. cQmping results for site samples to the 
mean, and is usually R p n e d  as a coefficient of variation 
or a standard deviation of the arichmenc mean. Results 
of QC samples are used to calculate the precisian of the 
analyticalorsampling~ss. Measurementemnisa 
combnation of sample collectionandanalyhcal factm. 
Field duplicate samples help to clarify the clistinction 
between uncenabty from sampling techniques and 
uncertainty from analytical vanability. Analytical 
variability can be measured through the analysis of 
laboratory duplicates or through muluple analyses of 
perfomawe evaluation sample. If analytical results 
are~ponednearaamcenmnnofcancern thestaruhrd 
deviation or coefficient of variation can be incorparated 
in srandard satistical evaluations to detexmme the 
confidence level of the reported data A statistician or 



3.1.5 Data Review 
'Ihissectirwdirmyes the importaaQ of alternative 
lwelsofdatareviewtotheriskassesynenr ?hetwo 
major effects of data review on data useabiiicy are: 

Ibetimeiinessofthedatarwiewand 

Ibe level and dcph of review (e.g, entire site. 
specific sample focas. specific analyte focus. 
mount of Qc data Bsscsstd). 

Atieredappnmchmvolving~onsofdatareview 
a l m n a r i v # i s ~ s o  thattherisLassesor 
amuEepleliminarydatabcfcRcex~venviear. The 
RPM. m c@maiou wirb the risk assessat and the 
projeuchnist.musmachacorrrenspsmtheleveland 
depth d data leview to be p e r f d  for eadl data 
source. to balance pscability of data and resource 
amsuain&&bibit17smmarksthe~ 
and~ofdiffaentlevelsofdarareview. 

Timiungolrevkw. Phsfarrhetimingofthedata 
review should be made prior to dara collection and 
analysis. 'IherisLassessarusespreIiminarydaraina 
qualitative manner to ideatiry CornpOImds for toxicity 
sprdiesandinicially.~ascerrainuen&mcon~ 
and&~butionsoftheanalytesofconcw.toplanfa 
additidsampling,andtorequestaddi~anaiyses. 
UsingdataastheykfnmeavailablewiUusaaUyreduce 
the time needed to complete the risk assessment. 
However. aU data must receive a minimum level of 
review before use in the quantitative aspeas of risk 
ascsmem Iterations on data review is resource 
intensive: if they are used, they should be planned 
carefully as part of a suucturd process. 

. .  

EXHIBIT 17. ALTERNATIVE LEVELS OF REVIEW OF NALYTUCAL DATA 

Level of I 
Review Samples Analytes 

I 

None Initial All 

Full Initial samples All 
analyzed for broad 

spectrum components 

Critical samples for ail analytes 
or 

All sampies for critical analytes 

I 

Partial 

l 

Parameters 

1 Analytical results 

All analflcal results, 
QC, and raw data 

Selected analytical 
results, QC, or raw 

data 

Parameters available 
to the automated 

system. No raw data 
are evaluated. 

Potantial Usem 

Qualitatively identrfy risk 
assessment analytes. 

Modify SAP. 

Quantitatively perform risk 
assessment. Modify SAP. 

Modify review process. 

Improve timeliness. 
overall efficiency, 
save resources. 

Focus on chemicals 
of potential concern. 

Improve timeliness. 
consistency, cost 

effectiveness. If data are 
electronically transferred to 

a database, eliminates 
transcription errors. 

I' 



B To expedite the risk assessment, 
pmliminaty data should be provided to rhe 
risk Bss8fsor as soon as they am available. 

h e 1  d depth of review. ?he RPM may select 
differultleveh of datareview, in QmsultatioIl wirh the 
risk~orodradatansersandtheprojectcbcmist . 
AIIdatamusthaveaminimumlevelofreview. Data 
review levels can range from aR sk sampk with all 
repned ciatam SFedfrckyanalyoCsand sampies and 
maybespecif iedmEPARegionalp~l i~.  CareN 
amsideraeian isrequirediuselecringakvel ofreview 
that is com&ent wirh d a t a q d i t y m ~ , .  
A full data review minimizes false positives, false 
negatives, calculation emrs, and namaigion wnxs. 
"Non-detect" results musf be reviewed to avoid "false 
negative"conclusions. Partialreviewshouldbutibai 
only after broad specrmm analysis results have 
undergone full review; it may be useful after chemicals 
of potential co~lcern have been identified. A flexible 
appmacb to data review alternatives allows the RPM to 
balance rime and resource constraints. 

Depth of datareview refers to which evaluation aituia 
ilreselectedrangingfrorngenaalizedaittriathatmay 
affect an entire data set (e.g.. holding time) to analyte- 

EXHIBIT 18. AUTOMATED SYSTEMS" 
TO SUPPORT DATA REVIEW 

System 

CADRE 
Computer Assisted Data 
Review and Evalwbon 

I 

~ 

I 

eDATA 
Electronic Data Transfer 
and Valrdation System 

I 

EPA Contact 

Gary Robertson 
Qualw Assurance DIV. 
USEPA. EMSL-LV 
(702) 798221 5 

William Coakley 
USEPA, Emergency 
Response Team 
(908) 906-6921 

Description 

An automated evaluatlon system 
that accepts files trom CLP format 
d16k delivery or mainframe tansfer 
andassassasdata basedon 
Nabonel Functmnal Gudelrnes for 
OWNC (or tnotgatuc) Data Review 
(EPA 1991 e. EPA 1 B W )  (default 
cntena). System accepts manual 
entry of other data sets. and ndes for 
waluabon can be userdefmed to 
reflect specific intormatlon needs. 
(lnorganc system is in devebpment. 

An automated mwew system 
developed to asstst m rapid 
evaluabon of data in emergency 
response. May be applicable for botl 
CLP and nonCLP data. System 
comb~nes D W .  pr%-estaMished 
ate specificattons, QC mtena, and 
sample collect~on data mth laborator 
results to detemune useability. 

Both systems operate on an IBM-compatible PC AT with a minimum of WOK RAM. 
A fixed disk IS recommended. 



WIBJT 19. DAY'A AND DOCLDUEMfABION NEEDED 
FOR ROSK ASSESSMENT 

~ 

0 SltedescriptionwimadetaildrnapindicatlngsagLotatkn.~ 
the site rem to sunorndbrg strucrures, terrain teaturea population or 
receptors, indicating air and water flow. and describing t f ~ ~  aperathre industrial 
process it appropriate. 

Site map with sample locations (iiuding soil depths) identified. 

Descriphon of sampling design and procedures kiuding rationale. 

9 Deseriptpn of analytical method used and detection limb ineluding 

0 Results given on a per-sample basis, qualified for ana)ytical limitations 

SOLS and detedkn lib for nowdetect dam 

and error, and accompanied by SQLs. Estimated quantbes of 
axnpoundsRentatnrely ldentifiedCompounds. 

Field c o n d m  and physicel parameter data as appropriate for the medii 
involved in me exposure assessment. 

0 Nanaive explanation of qualiied data on an analyte and sample basis. 
Indicating direction of bias. 

0 QC data results for  audits, blanks. replicates and spikes from ths fie# and 
hb0ratOf)f. 

0 Definitii and descnptkns offlagged data. 

0 Hardcopy or dskene results. 

Raw data (instrumentoutpuf chromatograms. spectra). 

0 Definitii of techrucal jargon used in narratives. 

Crttlcal 

Crltical 

Crttical 

C M  

Cftical 

Critical 

High 

High 

High 

Medium 

High 

LOW 

I 
1 
1 
1 
1 
I 

I 

I 
1 
I 
I 
I 



3.2 PRELDMBNARY SAMPLUM6 AND 

Thisguidancecannotmannpasssamplingdesigninrhe 
as.sesSment of environmental sampling aud analysis 
procedures: however, this section does sketch a 
framework for these aaivities. It discusses key issues 
for determining the ptential impaa of sampling and 
a n a l y s i s ~ u r e s o n d a t a u s e a b i l i c y f a r r i s k ~ t  
and for identifying sihgtions that require statisrid or 
methodological s u r p n  The sampling discussion 
primarily focusesonsoil issues, butsomegenembdcms 
can be made to other media such as sediment or 
groundwater. Rulesofrhmnb,referencetabk,sratistical 
formats and checklists support the statistical 
undersmcting and sophistication of RPMs and risk 
a\sessors. A SampIing Design Selection Worirsheet. a 
Soil Depthsampling WorWeetandaMechodSeleaion 
Worksheet are tools, presented with step-by-step 

Sampling issues. Resolving statistical and non- 
statlsucal sampling issues provides the risk assessor. 
project chemist and QA personnel with a basis for 
identifying sampling design and data collection 
problems, inqwaing the signifmnce of anaiytical 
error. and selecting methods based on the expected 
contribution of sampling and analytical components to 
total measumnent error. Cmpreknsve discussions 
of environmental sampling procedures are given in 
Prmciples of Environmental Scurlplrng (Keith 1987). 
Environmental Sampling and A n a l y s ~  (Keith 1990a). 
Methods for Evaluating the Attalnmem of Cleanup 
Standurdf (EPA 198%). and the Soil Sampling Qwlrry 
Assurance User's Guide EPA 19890. 

ANALnncAL ISSUES 

Instructions in chapter 4, to focus plyming efforts. 

Exhibit20 summarizes the imP0rr;mce of eacb of the 
prelkminary sampling planning issues to the risk 
assessmenf pPoposes plarrmng actions to reduce of 
elimrnate their & e t  on dam useability, and refers the 
readertofurtherdiscussioninthetext Informarim 
relevam to prelimlxmy sampling planning can be 
obrained by collecting site maps. photographs and other 
historical and current documents which depict 
produaroabuildiugs.sewageand~drains.~ 
corridors,drrmpsites.laadingzones.andstmageareas. 
Areiiableandcumnt basemapispanicukly impaMnt 

Data adequacy. All data users should clearly staxe the 
level of data adequacy they desire. lkese statements, 
and the resources that will be commifted should be 
incorporated into the sampling plan objectives. If an 
aFFropriate levelof Uncerraintycannatbedeterminedat 
this stage, an initial goal should be agreed on for rbe 
f d  level of reliability. which m a y  be rewsed during 
tbe irerative sampling proess. Sinae each site is mque. 
it may be extremely diffiadt to auain a given Level of 
data adequacy. An iterative sampling program may 
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'IbeRPMaUdriskaSStSXU~f?rmiiLtwithbaSic 
emimmutmudsampiingandsratisticaltermsand 
logicandhavearxrssroastatistician. 

San@ing designs aremainlybased on matifid 
random OrsySDernaricrandam sampling (grid). or 
~~. systematicsampiing~paes 
special variance calcnlations for estimating 
s r a t i s r i c a l p e r f o r m a n o e ~ s u c h a s ~  
iandcon&bcele*tbtSe- .nsarenot 
p v k i e d i n t h i s ~ .  

stat&i&m are caruolted for any significmt 
problems arisspes not covered m this gnidance. 

Supemmd CoDtaminant conoxmtims for a site 
generally fit a log-normal distribution. 
Measprements of variability are generally given 

methodoLogy include Gilbert (1987) and Koch 
and Link (1971). Parametric tests m tramfcmmed 
m & s ( ~ a n d 3 m w n  1957)haveloganthmic 
fonns (Seicbel 1956). Gmphical methods of 
derermmrng re-aansfonned means and their 95% 

inlog-traasfomtedunits. overvletvs . ofsgtistical 

. .  
levels are available (Knge 1978). 

Quality 8ssmance proceduRs for sampling and 

discussiOaaddrsscsthemseparatel~. 
analysis are not separate. even though the 



EXHIBIT 20. IMPORTANCE OF SAMPUNG ISSUES IN RISK ASSESSMENT 

J 

allow arealisucappaxsalofthevariabiiitypresentatthe 
site; a phased investigation may be wanamed with an 
increase indataadeqmcyateachphase. 
Natural variation. It is imponant toreah tbatnatural 
variation (environmental heterogeneity) in both soil 
and watersystemsmay be so great ttratvariadon due to 
fzld sampling is signififantly greater than that due to 
laboratory analysis. For example. laboratoly sample- 
sample precision is commonly ofthe order of less than 
1 %, whereas soil sample-sample pecbiuu is commonly 
between 30% toO40%. Sampling is influenced 
by the homogeneity of mated king sampled, the 
number of samples collection procedures, and the size 
of individual samples. 
Uncertainty in sampling measuremeats is additive. 
Exhibit 21 lists the components of sampling variability 
ilndmeasurementemw. Thehalenorassociatedwith 
an esumate is the sum of the arors asmated . with 
natural variation (imnsicrandomness. microstructure. 
~nacrostnrcture), plus sampling e m ,  plus laboratory 
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21-48 

measurement error. Poor sampling techniques can 
swamp the nalural phenomenon rhat is being evaluated. 
Therefore, siunpling optionsrnust be fully reviewedand 
the probable uncertainty from sampling must be 
acceptable. 

Initialsurvey samphgpian. A preliminary sampling 
p~shouidkcfiosenttratlrrovidesab~forevaluation 
of overall sampling goals. sampling techniques, 
feasibility, and statistical analysis techniques. General 
categories of sampling plans include simple rarulom, 
stratified random, systematic. judgmentallpurposive, 
and spatial sysrcmatic. The fe;ltures of these different 
P m = -  m more derail in Chapter 4. 

Statistical analysis of the s m y  data allows evaluation 
of how well the sampling p g n m  Lq doing. Dependmg 
on the contaxiinant, c m n t  technology may allow on- 
site "laboratary" analysis of the samples using portable 
microcomputers and telecommunications. On-site 
statistical analysis is also possible. On-site analysis 
reduces project completion time and costs. In a mly 



iterative sampling ampip. on-site statistical aaalysis 
canguidethesamplingteams.maximizinginfamation 
capture and minimizing time-relaxed costs. 

Analytical issues. The following assumptions 
concenung anaiyucal PraQdUrrs bave becn made m 
Lhls .sealon: 

TheRIJMandtheriskassessmarefamilCrwitb 
standard analytical chemical procedures. 
Reference books on environmental issues m 
analyucal chemistry are available and can be 
consulted OLSIXf 1979, Manahan 1975. Dragun 
1988, Baudo, cr. d.. eds. 1990, Taylor 1987). 

Chemlsts are available and will be consulted for 
any sgnificant problems or sttuaaons not covered 

AnalyticalQApnxzdinesareusedmconjunctioa 
wtb and affect sampling QA procedmes. even 
though the discuyion seats these procedures 

Exhibit22summanztstheim-ofeachanalytical 
s u e  to risk assessment hts suggested acuons durmg 
the planning process. and refers the readef to further 
drscussloninthetext. Eachissueisdiscussed mtexms 
ofiueffectondataqualityforrislassessmerrtandhow 
toanuapateandplanforpotentialproblems. T h e m  
shouldalsoconsulttheprojectchemlrttodetermtnethe 
appropriate sample volumes or weighs reqwred for 

Biota sampling and analytical issanes. The type of 
assessment (e& human health orecological) determines 
the type of samples to be collected. An ecologicai 

ln thls guidance. 

* 

different types of analysis. 

~ m a y r e q u i r e a u a l y s i s d ~ a r E a o l e ~ o r o f  
aspecitic olgan sysoem of a target specits (lnxame 
organic. andsome imrganiC.ciKauds . O f c c m ~ a r e  
often arnrmaarp11 in tissues wi& high lipid amfEzlts). 
H ~ b e a l t h r i s k ~ p s u a l l y ~ o n  
edibkpdons. 
Typical S-PW - - forbiotainclude 
S p e i f y i n s ~ ~ D o b e s l r m P l e Q s a m ~ g ~ ~  
risrsc Do be dm nnmkr of jxfividds 0 be 
~ d t h e m e r h o t l o f ~ o f t h e c h m r i c a l o f  

valrdaoan that incarparates fissues or p h t  analyte 

nraoerisls Tbeplxpeofspilciagistodetamine 
whnba~analyrcPaRieeoveraMefmm~matrixOr 
Clean-apsoeps~dereec ian  of the analyte. 

s ~ g a a d ~ i n f o n n a s i o n c a n b e a s e d c a s s e s s  
metbodprccisionandaccmacy. ?heprimarysomceof 
patormanceevaluatioarnateriaisistheNarianalBmean 
of Srandads I.epository. Samples and pexfcmance 
evaluation matendls ' should be matched by maaiX 
(Specits and wboldedible portions). 

Volatileanalyresarevexydifficulttomeasureinbiota 
samples shouldbe stored on diy iceimmPrlrnal . Y e  
collcaion. Fatandchdesterolcanalsobiockcol~mns 
and impede chromatography for base/neutraUacid 
extractable tissue analysis. Gel permeation 
-Y procedures may d Y  be -Y 
ef€euive in clean up, and the lipidspresentmay retain 
analytes of concern. thereby reduciug recoveries. Plant 
marices are often difficult to digest and a variety of 
digestion procedures using hydrogen peroxide or 
phospholicacidmaybewananred. Tissuesfororganic 
analysis should be wrapped in aluminum foil for 
shipmenttothelaboratary.andtissuesfmatralysis 
should be wrapped in plastic film. All tissues should be 
sent frozen on dry ice. 

Air sampling and analysis issmes. Air sampling 
pmcedmsshoddaccountforwmdspeedanddirection 
as well as seasbpal and daily fluctuations; they should 
also account forthe iafluence of these factors on the 
exposedpiar,ion (e.g.. thelargestpopulationmaybe 
potentially exposed in the evening when the wind sped 
may be least). The defmition of detection limits is very 
i m w  for air analyses. For example, the same 
concenaationwillappearverydifferentifexpressedon 
a weight/volume basis than on a volumelvoiume basis. 
Sampling strategies may need to distinguish between 
particulate and gaseous forms of chemicals of concern. 
Itis imponant to collect mediablanks to determine the 
type amd amount of cantaminatim that may be found 
Blanks should also be provided to the laboratory for 
spilringtodetermineanalyticalprecisionandaccuracy. 

canam. Biora analyses should include a method 

spikts. and any available perfmmance evaluation 
. .  
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EXHIBIT 22. IMPORTANCE OF ANALYTICAL ISSUES 
IN RISK ASSESSMENT 

Review available memods tor 
appropriate detecum limit. I Detectm -0 

(3-2.4) l l  concmtmtion~lowerthan 
1 Significant risk may result at 

I m@awrable. 

IField Analyses v e w  
fixed Laboratory Analyams 
(3.2.9) 

Laboratory Performance 
PlOblWllS 
(3.2.10) 

I Use environm~~~tal samples as QC 
samphs to detmme recovery and 

m the sample m e d a  

Select analybd methods b%sed 
sample medium and strengths of the 
sample prepamon technique. 

o f f a t e a n d ~ ~ ~ e s . o c c m f f n c e m d i & r r m  
IIlCdi&andiUmacticnrsWitbOthaCh~.inaddition 
touseanddisposalpracth~~ Infomationoafreqpency 
ofcxmmnce and coefficient of variation detemks 
the number of samples required to adequately - cxpsnre pathways and is essential m 
designing sampling plans. Low frequencies of 
occunarceandhighcoef€iaents of v;lriation meau that 
more samples will be required to - & e  
e%pos~pachwaysofmteresL Potentialfaisenegati~ 

I 
1 
I 
I 
I 

U 

I 
I 



I 

e To protect human health, place a higher 
prioriv on preventing hlse negatives in 
sampling and analysij than on preventing 
false positives. 

Data are available for volatile& exuauable organics. 
pesticides/PCBs. tentatively identified organic 
compunds. ami metals (see Appends XI), foraqueous 
andsoil/sedimentmaaicesandreleasesfmm~ 
known to produce waste C ~ I l l y ~ a K s ~ d  
sites. DatahramcLpsupemmdsitesafealsaaMilable 
for calculann . g site-specific coefficiuus of variation. 
Exhibit23 indicafestheocarnatoeratesandcoeEiciems 
ofwriationforseleaedchemicalsofpotentialccmcem 
to risk assessors. Many other chemids (whicb are not 
of concern) may be present without affeaing the level 
of risk to the exposed population. 

e Use preliminary data to identify chemicals 
of potential concern and to determine any 
need to modify the sampling or analytical 
design. 

The need for risk assessment indicates that there is 
already some knowledge of contammation at the site. 
B u d  on available toxicological and site data the nsk 
avsesor can recommend w e t  chermcals (or chemical 
c b s )  for analysis and desired detecuon lmts. For 
example. explosive chemicals are likely to be present at 
a f m e r  munitions site. Exhibit 24 presents data on 
muniuons compounds. such as feasible detection limits 
and health advisory limns. 

Infonnatimonm~-sFecificaytesisslrmmarized 
in Exhibit 25 and detailed m Appendix II. If htoncal 
data are mcomplete. a broad speannn analysts should 
be p e r f d  on seleaed samples from each samplmg 
location to provide neassary scging information. 

The RPM or risk assessor should inform tbe planning 
team about chemicals of potential co~lcern at the site, 
exposurepathways,ifknowpconcenrratiansofmncem. 
and other perunent information, partxcularly any 
requirement todistinguish SFeCificstiues of the chemicals 
of potentia COIIC~RI. Some oxidation states of metals 
(e.g.. chromium) are more d y  absorbed or are more 
toxic rhan others. and organically subsatuted metals 

Gas -y-lmass spectrometry (GC-MS) 
a n a l y s e s ~ ~ ~ c a n n p o t m d s i n  twoways. 
Targetcampamds B L ~  those compunds for which the 
Gc-Ms insaumcnt bas been specifically calibrated 
usingautheatichnnialsgndards. A n r g e t c m w d  
manenviromnentalsampleisidentikdbymatchingits 
mass Spectmm and relative retention time 0 to 
those obtained for the authentic standard during 
calibration. Quaatitation of a target compound is 
achieved by comparison of its chromatogaphic peak 
areatorhatofanintunalstandardcompound.n<nmalimd 
to tbe relative response facmr 0 which is the ratio 
ofthe~affasoftheaUthenoiCchermcalsrandardaJd 
theinternal scwbrdmeasrPedduring calibration. 

tw Specitic analysis fbr compounds ident- 
ified during librarysearch can be requested. 

Tenmtively Identified Compunds (TICS) are any other 
compounds which are reponed in the sample analysis, 
butforwhichtheGC-MS insmnnentwasnotsFecifically 
calibxated. A TIC is idenuied by raking its mass 
specaumfrcxntheen~talsample.andcompanng 
it to a computerized library of mass spectra. 
Cornputenzed comparison routines scm the various 
libmy spectra for their similarity to the TIC and rank 

TIC is reponed as a specific compound, it IS usually 
repted to be one of the compounds whose spectra 
were retrieved m the library search Qwnriratian of a 
TIC is less acuxate than for target compuru)s. because 
the ma RRF is not known (since no calihtim for this 
speclficcompoundwasprformed).TheRRFisawu.ned 
to be 1.0 whereas. measured RRFs below 0.05 and 
above 10.0 axe known. 

thespctramostsimilartotheTIC'ssFecaum. Ifthe 

ConfidenceintheicientificationofaTICcmhelncreasecl 
in several ways. The main steps in identifying and 
quantitating TIC data are sumnclnted in Exhibit 26. 
An analytical chemist vainerlin the mtelpmuion of 
mass specoa and chromatom can review TIC data 
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€XHBlT 23. MEDIAN COEFnClEMT OF VARUATil9N FOR 
CW€MICALS OF POTENTIAL CONCERN 

DDE 
DDT 
Dmldnn 
HeDtaChlor 

Gamna-BHC (Imdane) 
PCB1260 

16.7 

53.9 
15.4 

17.6 
17.0 

11.0 

24.5 
19.0 

61 

m 
38 
84 
56 
5B 
362 
28 

50.0 

452 
9.3 

24.7 
17.4 
15.7 

333 
13.3 

134 

51 9 
80 

158 
io1 

197 

367 

79 

0-7 74 18.4 72 
0.5 10 20.1 34 

O S  120 17.3 119 
0.7 1197 296 782 

0.5 1058 108 76 
16.9 117 33.3 69 

0.5 142 305 96 

4.5 329 813.0 40 

29 521 5882 125 

4.4 274 3.3 101 
4.8 249 351.9 151 

6.3 142 454.1 134 
0.21 251 41.7 23 

40.3 1 om 58.0 940 

271.3 1091 100.0 931 
134.6 1098 33.7 945 

11.9 1098 23.0 448 
1032.3 1098 500.0 948 

10.8 1088 97.3 939 
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.. 
** 

1. 

.* 

** 

HMX 
RDX 

TNB 
DNB 
Tetryl 
TNT 
2.4 DNT 
TAX 
SEX 
2.6 DNT 
2.4.5 TNT 
2Am DNT 
4 Am DNT 
2,4 DAmNT 
2.6 DAmNT 
DlMP 
TNG 

- 

-- 
DMMP 
NG 

Octahydro-l,3,5.7-t~tranitro-l.35.7-tetrazOci ne 
1Hexahydro-l,3,5-trinitro-l ,3,5-triazine 
Nitrobenzene 
1 .S,S-Trinitrobenrene 
1,3=rIilliibemene 
kthyl-2,4,6-trinitrophenybritrambre 
2,4,&TrinitrotoIuene 
2.4- Dinitrotoluene 
Hexahydro-1 -(N)-acetylS,S-dini1,3.5-triazine 
Octahydro-1 -(N)-acetyl-3,5,7-trin~l~,3,5,7-tetrazocine 
2.6- Dinitrotoluene 
2.4.5-Trinitrotoluene 
2-Amino4,6dinitrotoluene 
4-Amino-2,6dinitrotoluene 
2.4- Diamino-Gnitrotoluene 
2.6- Diamino-4-nitrotoluene 
Disopropyl-methylphosphonate 
Gylcerol trinitrate (Nitroglycerin) 
Nitrocellulose 
Dimethyl methylphosphonate 
Nitroguanadine 

and may be tentatnrely identified as indtcators of the presence of munitions during GGMS library 
search procedures. 

* Detection limits are provided where available. Specific compounds with complete health advisories 

* #Health advisory complete. 
** Health adwsory in preparation (1990). 
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EXHIBK 25. SUMMARY OF MOST FREQUEDdPLY OCCURRING 
CHEMICALS OF PoTENblAL CONCERN BY INDUSTRY" 

I 
i 

I 

1 I I 1 - 1  .. 

I I I I 1 x 1  11 I 

I- I I I t1 I I X  I I m 

I 
I 
P '  
I 



I 

1 

I 

1 
E 
I 
I 
I 
E 
I 
E 
I 
I 
I 

ldsnwication 

0 

m 

Quan(itation 0 Assess knownanelyticsl 
response chmacterisocs for 
~milar compomds or similar 
compand clssses. 

Determine response 
characterim by analysis of 
anaulhenticaandald. 

nsoDsDD 

mass spectraandchromatopm canreview TICdata 
and elmmate many false positive identifbbns. The 
use of rewtton indices or relative fetenuon tnnes can 

el. ul. 1989). Examinanon of historical data, industry- 
specsic compoundlists compound identificahonsfrom 
iwauve sampling episodes, and analyses paformed by 

the idendfrcauon of a TIC. 'Ihe final idcntificanon step 

instrument with an authentic aandard of the campound 
that the TIC is believed tobe. 

If toxic compmdsare identifkdas TICS by ths type of 
broad specmnn analysis, the RPM or risk assessor 
shouldrequestfmthe?analysestopositivelyidenufythe 
compcnmd and to accurately quanutate it. The nsk 
assessoror RPMshoulddiscuscliscussreqrequrrrments with 
an analytical chemist to ckmmule . the ;ylProPrn 
analyucal metbod. 

Many compunds that appear as TICS dlxirlg broad 
spectmm analyses belong to compound classes. 
Examples of ~ p o r m d C l a s S e s a r e  SaMated-c 
hydmxdxms and polycyclic aromaoC ' bydmcadms 

confamTIC~identifldbytheGC-MS~amplrer(Ecktl, 

diffaent labauanes may also incRase collfidmce in 

ls toleanalyze thesampleaftercali-g the Gc-m 
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EXHIBI? 27. REQUIREMENTS FOR 
CONFIDENT IDEPFblFlCATlON AND 

QUAPITITATION 

Identification 0 

0 

0 

m 

2uantitation 0 

. 

Analyte present ebove the IDL 

Organic - Retenbon thne andlor 
mass spectra matches aulhentk 
Standards. 

Inorganic - Spectral absorptions 
compared to authentic 
smnduf&. 

Detected concentralion abow, 
the l i  of quwtitation and 
within the limit of linearity 
(instfument response not 
-rated). 

Z l W  



EX#KBFb 28. RELATIVE IMPACTS OF DETECTION LIMIT 
AND CONCENTRATION OF CONCERN: DATA PMNIING 

I Concentration 

MDL cbc 

C k MOL 

conditions is potentially diminizhed if the chemmls of 
potential concera are present as ColltamlIlzLIlts from 
labomtory or field procedures. 'Ibis section identifEs 
analytes and ates situations in which this 1s most likely 
to occur. 

The fnst requirement of analysis is confidence in the 
identification of chemicals of potenual concern. 
identification means that b e  chemical was present in 
the environmental sample above the detection limit 
Chemicals can be correctly identified at lower 
conassmiom thanaresuitableforaccurarequantiratian. 
If lower quantitatioa limits are required for risk 
as.ses.sment purposes. a larger initial sample size may be 
~mce~~orthesampleexaaamaybecoacennatedto 
a smaller fmal volume. However. concentration of an 
e x w  to a smaller volume, or increasing the sample 
ST=, may saturate the m m e n t  in the preseme of 
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matrixinterferences. TheRPMshoulddiscPssthese 
issues withananalytical chemist to demmlue - thebest 
approach. A funher discussion of limits of quamitation 
1s presented in Seaion 3.2.4. and Appendix III. 

To ensure maximm confidence in the identification of 
an organic chemical contaminant an instrumental 
twbniqae. such mass spectromeny. that pmvides 
definitive results is necessary. Although alternative 

istbe techniques are available. GC-MS detennmaMn 
best available procedure for conf-1 identificaaon or 
cbnfvmation of volatile and extractable organic 
chemicals of potential concern. The application of this 
tecfiniqut minimhes the risk of error m qualitative 
identification and measures chemicals of poqtial 
amam at environmenml levels above the detection or 
quanutation limits listed in Appendix III. In cases 
where the target detecuon limit is too low to allow 

. .  



Tbe following discussion is intended to provide the 
RI?M and rislt assessol with an undastaadm - g d t h c  
variouswaysttlatdettctioncnquan~limitscanb 
reported. Thetenn"detectianlimit"iSfnqmntlyusal 
without qualification. However. thae are several 
methods for calculating detection iimits. 'Ihe RPM 
should consult with the project chpmia and tbe risk 
assessorwheneveraualyticalmethodsarctobeselected, 

CommonDetectiondQuantihttonLimits 
InstrPmentdetectionIhdt. TheIDLiucludes 
only the insuument portion of daeuion not 
sample prepamion, concentratioddilution 
facuns, or method-specific -. 
Method detection limit. The MDL is the 
rmnsmun amount of an analyte that can be 
rouunely iclentified usmg a specific method. 
?he h4DL can be calfulated from the IDL by 
using sample size and CoIloenPafion fvtrns  
and assuming 100% analyte recovexy. 
Sample quantitation h i t .  The SQL is the 
MDLadjusted to reflect sample-speclfic acorn 
such as dilution or use of a smaller sample 
aliquotfmvlalysisduetomanlxeffectsorthe 
high concentraum of some analytes. 
Contract required quantltatiorn (detection) 
limit. The CRQL for organics and CRDL for 
imrgrnicsarerelard to tbe SQLthathas been 
shown through labommy validationtobethe 
lowerlimitforconfidtquallti~onaudtobe 
routinely withiri the dehed liDear ranges of 
the required calibration procedures. 
Practical qmntitation limit. The PQL. 
defined m W846 methods, is the lowest level 
that can be reiiably achieved within SFeCified 
limitsof~cisi~andaccmacy d ~ g r a u t i n e  
laboratory o p n t m g  conditions. 

The doser the wncentration of concern 
ir to the detection limil, the greater the 
possibility of false negatives and false 
PO&-. 

The wide range of chemical concen- 
trations in the environment may require 
multiple analwes or dilutions to obtain 
useable data. Request results from all 
enaiywca 

' he  defirrticms that follow are mtended to provide the 
RPM and I& assessor with an UaderstancIing of the 
various methods for Caiculating detection limits, the 
terms usedtodesuibespecifc detection limits, and the 
limitations associated with identification and 
quantitation of chemicals of potential concem at 
concenrrations near specified detection limits. 
Understanding the dBerent t e r n  used to describe 
detection limits helpsavoidqorting poblems. Exbibit 
30 provides examples of calculations of the three most 
commonly reponed types of detection huts .  

Define the type of detection or quanti- 
ration limit for reporting purposes: request 
the sample quantitation limit for risk 
assessment. 

Instrument detection limit. The instrument detection 
limit (IDL) mcludes only the instrument portion of 
detection, not sample prepation, concen-ddilution 
factors. or method-sFecific parameters. The IDL is 
operationaIly defined as three times the standad 
deviation of seven Hplicate analyses aI the lowest 
concenaarion that is statistically different from a blank. 
'IhisffPreseats*% confidence that thesignalidentified 
is the result of the presence of the anaiyte. not random 
noise. The IDL is not the same as the method deteuion 
limit Use of the IDL should be avoided for risk 

Method detection limit. The method detection limit 
assesSmetlt. 
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WIBBT 29. THE RELATOONSHIP OF INS"RUMEW 
CAUBRATDQN CURVE AND AMABYTE DETEC+QQN 

IDL = InabumentDetedionLimit 
MOL = W D e m c h n L i m i t  
LOQ = wid- 
Lot = Lirnitdlhanly 

I 

I I Concentration 
c 

IDL MDL LOQ LOL 

Method detestion limit. 'Ibe method detection limit 
(MDL)istheminrmumamauntofananalytethatcanbc 

. rouunelyidentifiedusingaspedficmethod. TheMDL 
can becalcalatedfromtheIDLbyusingsamplesizeand 
concentration factors and assuming 100% anaiyte 
recovery. ?hisesumateof detection limitmay be biased 
low because recovuy is f r e q d y  less than 100%. 
MDLsareopemodl Y- ' asthreetimesthe 
SranrlarddeVhth of SeYQI fq l l ime JFiked sampies 
NII accarding m me camplee method Since this 
estimate indudes sampie preparation effects, the 
procedure is more accurate than reported IDLs. 
However, the evaluat~on is routinely compieml on 
reagentwarer. Asaresultpmtiallysignikantmatrix 
interferences that deerease analyte recoveries axe not 
addressed. 

'IbeimpactOfanMDLauIisk~iSi l l l lstraDbd 
inExhibit28. WheaphmingmoaIlaiyticaIdaQ 
t b e r i s k ~ ~ t b e a m c e n o a r i o n o f ~ o r  
Pl' yremediationgoal.whenthelxmzumh 
of conamofanamlyteisgreaoerthantbeMDL to b e  
extent chat the d idence  h i t s  of both the MDL aud 
cOIlcmtratiOO of CaDCeRI do not overlap, then both 
'honaetect" and "detect" results can be used with 
confidence. ThercwiUbeapossibilityoffahepositives 
and false negatives if the mddence limifs of &e MDL 
and concenaation of concern overlap. When the 
ConceDOation of cumem is sufficiently less tban the 
MDL that the CoafLClence limtts do not overlap, then 
there is a strong possibility of fabe negatives and only 
'&tea" results are useable. 

. .  
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'I 

MDL = 3 x SD of replieate analyses (mcbaction and mMm) 

100 ppb pentachlorophenol spiked m 88mp18 producing average measured 
conuntretion of sppb (not is mawamti or measured) 

k SD~18ppb 

Then: MDL=3~18ppb=54ppb 

Incorporate calcutation of MDL from IDL 
SQL = MDL cmected for sample parameters 

Example: 

It 

100 ppb pentachloraphenol with MDL of 57 ppb 

Dilution factor = 10 (sample is diluted due to matrix interference or hgh 
concentrations of other analytes) 

Then: ~ E l o x ~ p p b = ~ o p p b  

Sample qppantitptio~ limit. The SQL is the MDL 

or use of d e r  aliquot sizes tban prescribed m the 
method. 'Iheseadjusanentsmaybeduetomatrix 
effeasarthehighcoacentratiosrofsnntanalytes. The 
SQL is the m a t  usdul limit for the risk asessor and 
should always be requested. 
For thesameEhwial the SQLin one samplemay be 
highathas lower than. orequai u) SQL values forother 
samples. In addition, preparation or analyticai 
adjusunenu. such as dilution of the sample for 
quantitarianofanex~yhighlenlofonechemical, 
could result in non-deteca far Otbetckmicab included 
in the analysis, even though these chankakmayhave - 
beenpnscntatmcequantities in thelmlilucedsample. 
Therislsassessashouldreqoearestdtsofbothoriginal 
and dilutim analyses in this case. Since the reporud 

prepamion. and analytical adjusaneats, they are the 
most xelevant quanutauon limits f a  evaluating non- 
cletected chemicals. 

ConCroct required quantibtian (detection) linnit 
The (zp@es aconaaarequvedquanu&onlimit 

adJustedtOXe~~k-~pecificdm SUCbaSdilUbm 

. .  
SQLs take into account Sample ch;aacoensacs. SamFle 

- 

a4m4ao 
(CRQL) for organics and a contxact requined deection 
l i m i t ( c R D L ) f o r ~ c s .  Eachofrbesequantitiesis 
RhtedtottneSQLthatbasbeenshownthroughlabaatory 
validalimmbetbeloweriimitforconfidentq~m 
and to be rouoneiywirhin the d e f t  linear ranges of 
~requrredcalibrationprocedmes. 
'Iheuse ofCRQLsand CRDLsammpcs tomainrairrthe 
analytical requirements within perfomaDc42 limits 
(which are based upon laboratory VllMbilifY using a 
variayofinsmaments). CRQLSaretypicaUytwotofive 
timesthe~MDLsandtheygenerallycaarespnd 
to the limit of quantiration. 

PmhctiealquanrtftaticnrlimM. Thepiacticalquanwm 
limit (PQL). defined in sw846meu is the lowest 
level that call be rrliably achieved within specified 
limiuofpncisianaafxmacyoaaacygrweine~ 
a p p g  conditias. It is important m note rhat the 
SQL and PQL are not equivalent Use of PQL values as 
measmes of quantitation limits should be avoided 
W h e r e w r p o s s i b l e  mriskrrerp-Eunent. 
Other quarptitptiorm measurements. The limit of 
quanti~~(LOQ)istbelevelabovewhichquanti~ve 
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results may be obtained witb a spcified degree of 
confideace. At analytc - dose 00. bot 
above the MDL the mecltainry in quanlitation is 
relativelyhigh. Altboagil thepreJenoe o f t h t d y t c  is 
accepted at9996 c6nfideace. tile ITpOrrd qrumlity may 
bemtherangeofSo4b.  TeatimcstbestaDdard 
deviation measured for instrument detection is 
r # x n m a c I l d c d t o ~ a i c v c l a t a r h k b ~  
ismaxnnroed (Boepm 1988). 

The limit of linearity (La) is the pint at or above the 
upper end of the calibration cpnnatwhichthe 
relationship between the qoantity present md tfae 
instnnrrentresparrseccases to belinear Craylah 1987). 
IasPrumentrespaseualsUydeaeasesatrheLOL,aDd 
r h e ~ . r q m r e d i s l e s s t h a n m e a m o a n t  
actually present in the sampie because of insmmwu 
saturation. Dilution is necessary to analyze samples m 
which analyte concenaations are above the LOQ. 
However, dilutions cmrespndingly inucase S Q k  
DatashouldberequestedframbothdiluledandImlilnted 
analySeS. 

. .  

3.2.5 Sampling and hs9ytacal 
Variability Versus 
Measuremend E m r  

Sampling and analytical variability and measurement 
eRDT are two key cxmfx2pts in data collectioa. Each is 
disawseci . .  m the antext of evaluann ’ gspategiesforthe 
colleaion and analysis of bMh site and backgrotmd 
SUlpleS. 

EXhlW21 definess;rmFling-~ariabilityandmeasllremen 
m r .  MostSAPsareaneceswyUmp-omkberween 
cost and confidence level. Basically, two types of 
decisions must be made in planning: 

what statistical perfoImance is necessary to 
producethequaluyofdataappropriatetomeetthe 
risk assesor’s sampling variability performance 
objectives and 

. WhattyptsaadnumbasofQCsamplesare 
required todeteaandcstimatemeasmanentemrr. 

When wntaminant levels in a medium 
vary wide&, increase thenumberofsamples 
or strati* the medium to red- variability. 

Sampling plans attempt to estimate and minimhe both 

theriskassessorcanexpectframthexesults. Confideace 
is the ability to detect a Ealst positive hyp~thesis, and 
power is the ability to deteaa false negative. Power is 
more important for risk assessment An estimate ofthe 

~ p i i n g ~ t y a n d ~ ~ ~ .  sampling 
VariabilityaffeCBthedegrae ofamfidenceandpowa 

sampling variabinty dm is a function of the spatial 
v a r i a t i a n i n t h e c a n c e a t r a t i o n s 0 f ~ o f ~  
arncernisobtainedbycalculaM -g-- . to f  
7miabonfareaeh - - 1  whenbrecafiinar - tof 
variarian is less thaa 20% and a substantial quantity of 
data are availabie, the effect of spatial and tempod 
varistioaon~aaticmsofchemicalsafpoDentiai - ismbrirnal. and bre power and certainty of 

Sjmial va+bwy can be analyzed doer an initial 
tEsfs is high (EPA 1989c). . .  

sampting~mtlxtmghsimplestatisticalsummationor 
timugb the psc of vario#ram analysis a pan of the 
gsoaatiStig. EPAhasdmlopedsohar;lrrtoassista 
risk assessor in this analysis: Geostatistical 
En~ralAssEssmentSoftware(GEOEAS)(EpA 
1988c) and Geostatistics for Waste Management 
(GEOPAQC) (EPA 199Ob). 

Measumnent crtar is estimated using the results of QC 
SamplesandnpreSentsthediffamQ betweentheaue 
sampAevalueandtherepomdvalue. Thisdifference 
hasfivebasicsources: rhemncaminantbehgmas~ 
sample collection procedures, sample handling 
prodms. analytical procedures. and data production 
pmcedms. Measurement crtar due to analytical 
 isd discussed inSection32underanalyttcal 
issues. Measurement em# due to sampiing is estimated 
by examining the precision of results from field 
dupkam. Theminimumrecomnmdednumberof 

(5%). A minimum of one sex of duplicates should be 
taken per medium sampled unless many soata are 
involved; five sets are reannmended. Exhiit 31 
SrrmmarizeSthetypesandusesofQCsamplesmdefining 
Variation and bias m masment. 

fielddnplicatesisl f o f e v e r y 2 0 e n v ~ p l e s  

Samplingvariabii~typicsllywnQibutes 
much more to total error than analytical 
variability. 

Ins-gthediscussron ’ of sampymg variability 
andmeasurementerror,onefixulingputstheamcepts m 
W v e :  “An analysis of the cornponenu of total 
ernwfram soilsdatafrcmanNPL site sampled for PCBs 
indicated that 92% of the total variation came from the 
lacation of the sample and 8% fmm tbe measoreme~u 
piocus” (EPA 19890. Of the 8%. less than 1% could 
beamibuted 10 rbeanalyticaiprocess. ?be rest of tbe 
8% isauribuabletosamplecokuiort, samplehandling. 
datapmcessing and pollutant cbaractens * tics. Sampling 
variability is often three to fourtimes thatmtroduced by 
measurement error. Exceptions to this observation OII 
the camponents of variation or sources of errat OCCUT m 
instances of poor metbod pxformance for spxifk 
=w-. 
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Provides data required to estimate lhe biae due to 
contamination trom migram of wlatne orgmniw into the 
sample during sample shipping from the field and m p i e  
storage at thhs labomtoy. 

Media or mptrk variability. Appmpriate-samples 
must becollectedfrom~~medirrmofcancernanbfor 
heterogeneous media. from designated strata. 
Suatificauon reduces variability in results from 
mdrvidual s a  whichcanbediffmtlayasorslnface 
areas. Media to be sampled sbould include those 
currently unconraminated but of am- as well as 
those currently contaminated. For media of a 
heterogeneous nature (e.&. soil, surface water. or 
hazardous wasre), strata shonld be established and 
samples specified by s u a m  to redue variability, the 
coefficient of variation and the required n u m k  of 
SampleS. 

Sampling considerations vary aEcording to media. The 
sampling concernmayinvolveconraminantoccnrrenQ. 
tun-- n,spatialvariarion,sampleamplecallection, 
or sample psmmion Exhibit 32 iadicates potential 
sampling problem areas for eacb medium. mbkm 
areasareclassifierlrelativetoothermedia. RPMscan 
use this exhibit to plan for passiile sampling problems 
inhedatacollectiondesign. Samplingdesignsmustbe 
svucuutd to identify and ciuuactemze hoc spots. 
Informatiosl needed for fate and tra~spolt modeling 
should be obtained d h g  a site sampling invesugaaon. 

m m i  

'Ihisinfmnationalsodiffers by themedium ofconcern 
(EPA 198%). 

The type of medium m which a chemical is plesent 
~ e u s t h e p o t e n t i a l ~ ~ t y , ~ ~ d a c c m a c y  
dthemawunent Sharpdistinctiansocu~inapplying 
asinglemcthodtommcdiasucbaswatcr.oilslodge.soil. 
or tissue. Mediumormauixpmblemsare mdicatedby 
k ~ O f a u a I ~ ~  -recovey 
of analytes&omthemarrix. physicalpmbiemssuchas 
v i s o o s i t y ( f l o w p a r a m e t e r s ) . a n d ~ c o ~ t h a t  
affect sample prooessing, Exhibit 33 shows the so~trces 
of UIl-ty aQoss media. spiked enviranmenral 
samplesmonitortheeffeaofthesesourcesofuooerrainly 
on the ;wwacyof recovery of target compounds from 
the marrix. Duplicates quanafy the effect of these 
parameoers on pmSan. The metbod must be c h m  
carefully if a difkul t  medim such as oily waste or soil 
istobeanalyzed Ro~metbodsusuallyspecifythe 
medium or media for which they are applicable. 

Method deteaion and general coofidence in analytical 
determinap;onsacealsooftenaffeuedbyspecificmedia 
types and by analytical interference. The impact of 
matrix mtesference on detection limits. identification, 
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and qnantitation is illustrated by the following 
~ o n s ( w h i ~ a r e w t m c a n t t o b e ~  vel. 

Oil a d  h- affecting GC-MS analyses, 

CompQUnds that can interfere with pesticide 
~ y s e s = d  

* Iron specaal interference affecting ICP sample 
resnlls. 

CXldhy-. 'Ilupnzsenceofappciable 
ccxxem&m of oil and other hydrocarbons may 
interferewiththeexoaaionorconcenaation~. 
Alsa muat low amcmaations, oil inasample usually 

Phthalates and non-pesticide chlorinated 

produces a large series of chmmg@w -pealcr- 
imafncwi ththt~d~rhpmi&ofpotare ia l  
a w c a n d m i n g g a s ~ ~ y .  Anychemicalsof 
potential CrnCQll  that may elute concurrently from the 
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GC columnare obsctned by the hydmc&mresjmse 
and may not present a distincr specnum. Also. 
hydrodxmstbacarepresentmsignificantquantity~ 
often idemtified as TIQ potentially adding a large 
number of canpomds for considemion by drc risk 

Dming RIplanrring, the risk assessar sboulddetermine 
if there is a pooenrial for hyclmcdxm amammaa a. 
throughkmwledge~siteuseandaamriaaton 
ofhis tor ica ldetaThe~ols lhe insaucted to 
add cleanup protiDcals to the aualysis, or to use a 
suppkmenmIanalysis for- the hy-are 
not in- (e.g.. electron capture detection for 
halogenated canlpIw.  
Pbtbalateo and non-pesticide chlorinated 
c I x Q ~ P h ~ m t e r k r e w i t h p e s t i c i d e a u a l ~  
by providing a detecror respnse similar to that for 

-. 
. .  

chlorinated mouII(1s. Ph- and non-pesticide 
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chlorinated compounds are often present m greater 
concentrations than the pestid& of concern. pesticide 
data are often required at low derecaon limits and. 
therefore.GC-MS analysesaremotusedforquantitatioa. 
In these cases, a gas chmacographic analysis using 
electron capme deteaion is more sensitive, providing 
a wider useful range of detection. The phthalares and 
chlarinated annplmds can coelute with chemicals of 
potential cmcezn, thereby obsaning the detection of 
target analytes and raising the analyte-specific 
quantitauon limit. Phthalates and chlorinated 
cornpnds also produce additional peaks on the 
chromatogram that can be interpmed as false posiave 
re~pnses to pestiades. A second analysis using a 
d i f f e r e n t a J l ~ p f o v i d e s a n a n a ~ U r e O f ~  
in idemtifrcatiaa. Altexnatively, sample exo~cfs from 
psitive analyses can be further concenuated far 

canfirmation by GC-MS if 
are safficient 
Pron. quantities of iron m a sample affect the 
detection and quautitation of otha mcIILuic eianeats 
analyzed by ICP atomic emission specaoscapy at 
wavelengths near the iron slgnals. n e  strong imn 
nsponseovalapsnearbysignals,thtRbyobscmingthe 
results of paentiaUy toxic elements presem at much 
lowerconcmraricws. Aninmferalcechecksampltfor 
ICPanalysesmanitontheef€euofsuchelpmentfi. High 
concentrations of iron are analyzed with low 
cmwmmhm of other metals in these samples m 
idicarewhetherironinmferedwitbmeral~at 
lower concennations. If spearal interfeences are 
observeddatan laybe~asovaest imapd 'Ihe 
riskassessororRPMshwldconsulttheprojtarhnnia 
to detennme if a particular method requires a 
performance- 

Of analyceS 
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EXHIBITS SAMPLE 
PREPARATION ISSUES 

Source af 
Analyte 
Media 

Actlon 

or metals . 
Unfiltered sampres - measure 
total analytes 

Filtered samples - discriminate r sorbed and unsorbed analytes 

Analyte Cholce of sample preparation 
Speeiatlon protocols affects anaiyte 

speclahon 

(However, h s  raises the 
effective detecbon limit in 
proporbon to the number of 
samples mposted.) 

Large , Compoatesamples 
Number of 
Samples to 

be Analyzed 

Filtration. If the nsk assessor needs to disaim~nate 
between the am~unt of analyte pment in true solution 
in a sample and that amount sorbed to solid particles. 
then the sample must be filtered and analyses should be 
PesfonnedforbothfiltaWlandunfilteRa~~mp~~. 
Some samples, such as tap water. are never fdtered 
becausethereisnowcontent Filaauonshouid 
beFerfanedinthefieldassooslaspossibleafccrtbe 
sample has been taken and before any preservative bas 
been addeci to the sample. FMon often does not 

aYnallpmpntonof allsamples rakesand to perfom 
analyses for the total conrent of the analyte in the 
majarityofsampks. F'ilteredsamplesgenerallyprovide 
a good indication of the fraaim of contaminant likely 
to k eranspcwrcd overlarge distanceshorizomU yina 
plume. However. in the immedtate . vicinityofasomQ 
orpointofexFosure.unfilteredsamplesmaybevaluable 
in providing an indication of susperded maferial that 

proceed sI1oothly. I; is common plaaice only to filter 
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SAMPUN6 TECHNIQUES 

Information ~ s6lmple 
TYP@ 

concentrations over an 
area at reduced cost 

214Q2455 

may actas a source or sinic of dissolved contaminants 

Com@arpg. Reducing the number of samples by 
campositing is also a form of sample preparation. 
Compositing may be perfoxmed to reduce analytical 
cos& or in simations where the risk assessot has 
E * xlthatanaveragevaluewillbestcharacterize 
an arposare pathway. Cornpositing cannot be used to 
identify hot spots, but can be effective when averaging 
across tbe exposure area. Caution should be exercised 
when cornpositing since low level detects can be 
averaged out and become non-detects. 

a n d ~ t h e r e f a r e m o d i f y O v e r a l l ~  

hsermtion. Sample dratacmistics can be disturbed 
by post-sampling biological activity or by irreversible 
sorption of analyes of concern onm the walls of the 
sample container. A variety of acids and biocides used 
forpleservarion are discussed in standard works sucb as 
StMdard Methodsfor the Examhation of Water rmd 
Wpapwarer (Clesceri et. d, eds. 1989). samples are 
also~ysbippedwithicetoreducebiolo~aui~.  
heparation. Several faams in sample pparation 
affect analyrical data These factors include sample 
matrix. desired detection limit extraction solvent, 
expaction effaency. sample prqraration redmique. 
and whetber the analysis is pexformed in the field or in 
a h e x l  labmmry. In addition, parameters such as 
atnraropnd time may preclude the use of some sample 
prepafationaltcmatives. 

An extraction metbod must be able to release the 
chemidsofcancernhmthesampiemanix. For 
aample.arganicsoiventswiIIexaaam~plarorgmic 
mnqxnmds from water. Polar and ionic compounds 
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(such as unsymmetrically halogen-substituted 
ccnnpunds,pbenois,andcarbaaYlic~)~Yreq~ 
~ t i o n a l ~ ~ f o r c x t M i o n ~ ~ .  The 
choice of solvent is also critical to the auauion 
efficiency. MetJmolwoaldbeexp%tedtoa-a 
largerqtrantityofvolatilearganicmataialfroansoilsor 
s e d i m a r n t h a n m w a t a . F o r ~ m ~ t h e  

- cdissolve m a t r i x m a y r e q u i r e a d d i t i m a l ~  
metal salts that have- - tbe Solutioa 

sampleprepararion~foporganicanalyoware 
applied based on volatility. Volatile organis are 
analyLedusiaghead-spacecrpurgeamdaap~ues. 
Extraction alternatives far the amalysis of less volatile 
(expanable) organic cbemds * includeseparatoy 
f ~ s o x h l e t ~ ~ ~ ~  
liquidexaactars,andsalidphasecamidges. Detailsof 

strengths and weabews of each of these 

. .  

theseexaactionoptiaascanbeobtainedfromtheprOject 
chemist 
prepation pcedmes axe descn'bed in Exhibit 36. 

For inorganic analyses, the sample matrix is usually 
digested in conmtraed a 6 6  Tbe released metals are 
introduced into the instrument then analyzed by flame 
AA or ICP atomic emission spcuophotomeuy. The 
selecacm ofrheacidfordigestioninflueacesthederectioa 
limit because different acids bave different digestion 
abiliaes. - If hgesaon is not n+pd the sample measurement 

crirrespon&toa- ' 'on of soluble metals 
rather than total metals. If soluble metals have a 
greater toxicological significance, this difference 
may be lmpnant to the risk assessment. 

Ifthesampleisfilteredinthefieldorthelaboratory 
before digestion, any metals associated with 
paruculates are removed before analysis. If 
paruculates are an exposure pathway 111 the nsk 
assessment, sample filteration would 
underestimate& 

The analytical requestmustspecify if the sample IS to be 
filtered and whether or not it is to be '&gested (to 
measure soluble metals). Unless otherwise specified, 
samples are usually digested but not filtered. 

3.2.7 Udentificartion ob Exposwe 

Exposure patbways and their compone!nts. such as 
souree.mechanismofrelease,etf,shoaldbe&signated 
prior to the design of the sampling procedures. For the 
risk assessment, at lean one broad specunm analytical 
sample is required and two or three are recommended 

Pathways 

3.2.8 Use of Judgmental or 
Purposive Sampling Design 

JudgmcntalarparposiveQsignsthatspedfysampling 
points based on existing site knowledge may be 
appmp&eforthe initial phase of site-@ or when 
the r i s k ~ t i s p t r f o a n e d  asing few samples. In 
suchinstaruzs, non-statistical appma&smay bemore 
effeaive m accomplishing the purpose of the risk 
asesment far human health. than statistical designs 
with unacceptably large sampling variability. 

Judgmentalsampl~canbelncorporated intoa statistical 
design if the samples designate the area of suspected 
contaminanon as an e x p u r e  area or suatum. The 
judgmentalsamplesare tbea seleUedrandomly orwithin 
a gnd io tbe areaof known Contamination. Under the 
proaims desaibui the initial judgmental samples 
are not amsidexed biased forthe exposure area. Exhibit 
38summarizessomesaengthsandwtalmessesofbiased 
and unbiased sampling designs. 

Resource constraints sometimes restrict the number of 
samples forthenskassessmentand therefore potentially 
increasethevariabilityassociatedwiththeresults. When 
the number of samples that can be taken is restricted. 
judgmental sampling may identify the chemicals of 
potential concern, but camrot estimate the rmcertainty 
of chemical quantiues. The reasonable maximum 
~uremupFercanfrdencelimitcannotbecalCulaLed 
from results of a judgmental design. Bias can be 
avoided with the procedures described in the prewious 
ParagraFh. 
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3.2.9 Field Analyses Versus Fixed 
Laboratory Analyses 

Field analyses are typically used to gafher prelimmary 
informaaon to reduce errors assocmed with SpaDal 
heterogeneity. or to prepare p h i n a r y  maps to guide 
further sampling. F d  analyses are often conducted 
dunng the RI to p v i d e  data to determur worker 
protection levels, the extent of conranunation. well 
screen casmg depths. and b e  presence of underground 
contammanon, and to locate hot spots. For many sltcs. 
field analyses can o b  provide useful dam far nsk 
assessment The analyses provide semiquantitative 
results. often free of significantmapix interference. chat 
can be usedquanatauvely if confinned by aqmutaave 
anaiysisfromfixedlaborauxies. 

Field insmats are usually divided into three classes: 
f~ldpnableinsmrmemschatcanbecarried byasmgle 

and used in the field or in a mobile laboratory. and 
mobile laboratory instruments that are installed in a 
uailer fm trampon to a site. Insarumentauon used may 

~ f i e l d ~ ~ f s t h a r c a n b e m o v e d  

be Gc. x-ray fluarescarce 0. or organic vapor 
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anal- (OVA). Examples and applications of these 
msauments might indude on-site GC analysis of soil 
gas to indicate the presence of underground 
confamination, XRF far soil lead analyses. and the 
OVA OD detea volatile organics repaned m benzene 
efqui~~larhertin~nnilsof~m. 
~ ~ ~ & t h a r k i ~ U a d i ~ ~ b e U l ~  
to off-site iaboatones . can now be employed in tbe fdd .  
In addition. the spallty of field insamnenrariosl has 
mproved steadily, allowing for beaer measurements at 
the site. Rugged versions of fixed laboratory 
insanmentation. such as XRF and GCs, can ofren be 
performed m uailm if adequate ventilation and power 
supplies are available. With f d  analyses. &reater 
numbersof sampltscanbeanalyLedwi!himmediare,or 
very short. holding times witb no shrpping and storage 
requirements. At least 10% of field analysts should be 
confinned by fured laboratory analyses to enswe 
comparability. 

e Field methods can produce legally 
defensible data ifappropriate method QCis 
available and if documentation is adequate. 



EXWlBIT 38. STRENGTHS AN0 
WEAKNESSES OF BIASED AND UNBPASEQ 

SAMPLING DESIGNS 

Significant QA oversight of field analyses is 
recommended to enable the dara to be widely used. 
F i e l d a n a l y s i s m  daraare often notavailable- 
in part because of the variety of equipmentandoperating 
environments, variety of sample matrices, and relative 
'hewness" of certain oechnologies. Therefore, an m- 
field method validation program is recommended. 
Spikes and performance evaluation mawials should be 
incorporated if available in addition to other srandard 
QC meastnessuch as blanks. calibrationstandards. and 
duplicates. 

The precision and accuracy of individual measurements 
may be Iowa in the fieki than at fixed laboratories, but 
the quicker turnarmmct aud the possibility of analyzing 
a larger number of samples may compensate for this 
f'actor. A f a  consideration is be qualifications of 
operam in the field. 'Ihe RPM. in amsulcation with 
chemists and quality asurance pefsonneL should set 
proficiency levels required for each instnunem class 
and decide whether ~mpsed insment  operators 
cnmply with these specifications. 

Fixed -tory analyses are particnlarly useful for 
conducting broad spectrum analyses for target 
compounds. to avoid the possibility of false negatives. 
7bey generally provide more information for a wider 
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range of analyes than field analyses, and are generally 
more reliable than f d d  screening or field aaalytlcal 
techniques. 

e To minimize the potential for false neg- 
atives, obtain data from a broad spectrum 
analysk from ea& medium and exposure 
PhW. 

Fixed laboratory analysis commonly uses mass 

greatlyenbandabilitiesforcomponadidentificatian. 
F f x m o l g a n i c s . M ~ S C O P Y o r I B a w n i c ~  
speamscopy &odd be used for reliable identifiication 
of target anaiytes. Once the broad speanrm analysis 
and commhaut identification has occurred other 
methods may be unployed that offer lower detection 
limits. betta quantitate specific analytes of concan, 
and that may be less expensive. 

e The CLP orotherfixedlaboraorysourars 
are most appropriate for broad spectrum 
analysis or for confirmatory analysis. 

Characreristics such as turnaround time. detection and 
identikatim ability of the instruments. precision and 
accuracy requirements of the measurements, and 

selectiPg f d d  or fixed laboratory insanmentation. 
Exhibit 39 compares the charactens . tics of fEld and 
fixed laboratory analyses. The risk asses so^ and RPM 
should consult the pject  chemist to consider the 
available options and make a cboice of analysis based 
on method parameters, tumaruund time. and cost, as 
well as other data requirements peninent to risk 
assessment needs (e.g.. le@ defensibility). Exhibit 40 
compares rhe strengths and weahesses of field and 

specnomePy for organic analyses. which provide3 

operator qualilcations should be considered when 

fwd laboratory anaiyses. 

3.210 Laboratory Performance 

The RPM should be aware of problems that occur 
d d g  labaratory analyses, even though the resolution 
of such problems are usually handlerl by the project 
chemist. This Section discusses common perfofmance 
problems and explains how to differentiate labomtory 
performance problems from method perfommce 
problems. 

er Solicit the advice of the chemist to en- 
sure proper laboratory selection and to 
minimize laboratory and/or methods 
perfomance problems that occur in sample 
analysis. 

Problems 
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EXHIBIT 39. CHARACTERISTDCS OF AEbO AND 
RXED LABORATORY ANALYSES 

Prevention of 
false negatives 

Immediate analysis 
means volatiles not lost 
due to shipment and 
storage. 

Revention of 
false positives 

No sample to sample 
contamination during 
shipment and storage. 

- 

Analytrcat 
Turnaround Time 

Sample 
Preparation 

Data available 
immediately or in up to 
24 to 48 hours 
(additional time 
necessary for data 
review). 

Limited abilrty to prepare 
samples prior to 
analysis. 

More edensiw sample 
preparation available to 

laboratory sohrents 
minimized by storage 
away from anaiytical 

turnaround time 
requested (at increased 

thereby increasing the 
range of analyses 
available. 

Laborarmy perfonxmceproblexnsmay occur forrouune 
or non-routine analytical services and can happen wltb 
the most technically experienced and responsive 
laboratories. Mxnamry problems include instrument 
problems and down-time, personnel inexpenence or 
insufficient training, and overload of samples. Issues 
that may appear to be labmarmy problems. although 
they are actuallyplanningpmblrabiems. include inadequate 
accesstosrandards undeamquirementsm theanalyacal 
specifications. difficulty m implementing non-routine 
methods. and some sample-related problems. Another 
problem fop the RPM may be alack of labomones wth 
appmpiate experience or available capacxty to meet 
analyticalneeris. These problems can usually be avened 
by "up-front" planning and by a detailed descripuon of 
requued analytical SpeciflcaUWs. - Sample and method problems can often be 

disanguishedfn>mlabomxyprobAemsiftheyare Instrument prob lemscan berevealed with aunique 
identifierforeach insmxment inthelaboratory that DOtassoaated  ' withaspecificinsmnnentorWyst 

A review of method QC data should distinguish is reprted with the analyses. Calibration and 
between laboratory and sample problems. 

performance standards. such as Calibration check 
standards.memalsrandardsorsystemmonimng 
compounds. should be specifxed in the anatytlcal 
merhodtomonitorpezformance of eachinsunment. 
In addition, the use of insuument blanks should be 
specified (to avoid the possibility of carryover 
during the analysis). 
Some degradaam in data quality may appear 
when new personnel are operaung or when the 
sample load for a laboratory is high. The cmmb 
uting personnel for eacb analysis should be 
identifiedclearly in laboratory records andrcpons, 
andqualificationsofprsonnel~rnamnacrs 
should be documented. 

59 



WHlIBI" 40. S?REM6?HS AND WEAKNESSES OF FIELD 
AND FW€D LABORATORY ANALYSES 

Mobibhbomtq 
XRF. AA (Mecab) 

Faedbboratofy -. 
XRF. AA. ICP 
(hktalS-AMihMe 
RarlmeMethods) 
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ICP 

OraphiteAA 

, 
I 1  

R a m  AA 

' ICP-MS 

I 

ICP-Hydnde 
, 

Simple. raw. very matable for high concenwtion 
dim and potasslum assays: commdy Lgea and 
wed. 

Not as seMibve 88 gtaphiite A k  salts can 
interfere: limited by lamp cspabilies: 
detacts ppm levels. 

Rapid can d e w  b w  levels: accurate. 

~ 

Memod 16 wbpa to isobanc molecular and 
ion interferences. Nekditaeon. transport 
pmcess. and memory phyacal 
interferences occur. Melhod is relawsly 
new and is expensive. Speclaloed trarrung 
is mqured. 

Rapid can detect b w  levels of Antmony. Arsenic, 
Selenium: Hydnde formaaon elimnates spectral 
nterterences. 

Dependent on ana@ oxidam state: 
espedly sensiibve to copper interference. 
Method IS relebvely new. S p e c d u d  
ttammg is required. 

ICP o lnducbvely Coupled Plasma Spectroscopy. Graphite AA P Graphlte Furnace (dectro~ermal) Atormc Ab- 
Spectroscopy. Flame AA = Flame AtomK: Absorption Speetmscopy. ICPMS P lnducbvely Coupled Plagne-Mass 
Spectroscopy. XRF P X-Ray Fluorescence. GC P Gas Chromatography. GCMS o Gas Chmmatogmphy-Mass 
Spectrometry. AA D Atormc Absorpeon Spectroatspy. 1 
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?his chapterprovidesplamling guidamxto the 
and risk BssessoT far designing m e&ective sampling 
planandselectingsuirable~yIicalmethadstocollca 
e n m m a  analytical data far use in bia!&nC risk 
asesmenrs. ItisimpowntCPndawmdthatthe 
v ~ i n h c r e n t i n b o t h s a m p l i n g a n d ~  
designs canbine toconrnbutemtbeovaall level d 
~ncerrainty. IIbcchapuxalsopWe-sanmnberof 

It ls lmpoHant to rememkthaf tbest arepoovided- 
gaidanceaniy. EachRegioQorthesraffatanilkdMdd 

chamandworksherstbatshCddbePsefPlmpkmning. 

s i teImaymodifytksefortbeirasecmbmlop~~ 
materials. 

lhechapterhastwosections. Thefirstpprrimrofthc 
chapter describes the pracess of seleaing asampling 
des~gn saacegy and developing a sampling plan OD 
resolve the four fundamentai risk assgsmeLlt decisions 
presented in Chapter 2: 

WhatumtaminatiaDis~tandatwbatleVels? 

Are site concentrations sufficiently different b r n  
background? 
Are all exposure pathways and exposure artas 
idenufied and exammed? 

Are all exposure areas fully charaaenzed? ' 

A Samphng Design Selection Worksheet and a Soil 
Depth Samphng Worksheer are used as data collection 
and decwon-malung tools m rhis process. Guidance for 
evaluaung altemanve samphgsnatepsanddeslgnmg 
srausocal samphng plans is included. 

Thesecondseaionofthechapmprovidesguidan~on 
selecung the methods for analjzing samples colleaed 
dunng the RI. A Method Selection Worksheet is used 
to compile the list of chermcals of potential concern and 
to de~eanalytical~ontiessothatthemostsuitable 
combmatlon of methods is selected. 

The nsk assessor or RPM, in consultarion with other 
technical experts, will probably complete several 
worksheets. representing different media, exposure 
pathways. ptenual sampling strategies, chemicals of 
potentialconcan,andanalyticalpriorities. Thisisdone 
to compile sufficient infomation to ~mm~mlufl? basic 
nsk assessmentrequirements to the RPM. and toensure 
that these requirements are addtessed in the sampIing 
and analysls plan (SAP). 

The selectlon of sampling plans and analytical methods 
should be based on the perfonnance measures discussed 

AA 
BNA 
CAS 
CLP 
CY 
CVAA 
DQO 
EMMI 
EhfSL-LV 

EPA 
Gc 
G F M  
GIs 
GFC 
ICP 
MDL 
MDRD 
MS 
PAlsI 
PCB 
QA 
QC 
RAS 
RI 
RME 
RPM 
SAP 
VOA 
XRF 
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c e m  situations (see Section 4.1.2). The sampling 
design can often be rmproved by suaufymg w i t h  a 
medium toreduce variability. or by seltcang aMerent 
sampling apFroach. such as a geostarisr.tcal procedure 
tenned *kxiging." Improving rhe efficiency of the 
statistical estimaton involves spedfylng the type of 
data distribuuon if parametric procedures are bemg 
use& or switching fram xumpmnetric to parametric 
ProQdrPes if distributional aSSmnptiom can bc made. 

Exhibit 45 is a sampling Design Selection Worksheet, 
smctlrtedtossssdesign~forthemostC0mplex 
r n ~ c a l s i n l a t i o n ,  w h i c h i s ~ d y s o i l s a m p ~ g .  
?he workskt contains b e  elemarts needed to support 
the d e c i s i ~  for -RI sampling design to meet data 
requirexnenoforrislraeu-erment TheRpMandrisL 
assesaxmay use tixis wabheetor use it as a model to 
ueateonespe&icallysuicedtotheirrreeds. Tbefinal 
site sampling plan must meet the data useability 

for sampling design should be seleaed based on the 
specific reason for sampling (e.g.. defining a boundary 

r e q U i R m e n O 0 f r i s L ~  'Ibefinalplwxime 

4.1.4 CompDettireg the Sanapiing 
Design Selection Woukshetet 

Use of the Sampling Design Selection 
Workrheet will help the RRU or statistician 
determine an appropriate sampling design. 

hthway,diPIQIadd~alfunativcf. Saqliug 
proQdmespsedinenviromnentalsampilng are- 
Unbiasedarbiased. classicaiandgeo~ticalmodels 
are unbiased in terms of sample evaluation and 
hypothesistesting. Thechssicalmodelishsedon 
random, or saratified randam procedures, and the 
geostatistical model on optimizing co-variance. 
sysranaric gridsampling canbe utilizedbyeitherthe 
dassicalorgeos~ricalmode1. SiaseaorjudgmentaU 
~ ~ d e s i g I l ~ t h e ~ O f d i f f ~ t ~  
to planning and evaluation. 

While other designs may be appropriate 
in many cases, stratified random or 
systematic sampling designs are always 
acceptable. 

classicalmodel: 'Ihechssicalmodelpseseither 
axandomorstratifredrandomsampling design. It 
isapplopriate for rise in sampling any medium tD 
definetherepresentativecanccauationval~over 
the exposure area It is not subject to judgmeml 
biases. and produces known estimates and 
recognizedstatisticalmeaslpesimd~. A 
stratified random design provides the RPM and 
riskassessorwirhgrratflcxibility. Ifthtnannt 
and extent of theaposllrearursarenotyet well 
defined a pilot random study can be conducted 
andtheresultsincludedmthehaldesign. The 
data can be averaged for any exposure area The 
classical model is the basis for calculating 
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EXHIBIT 43. APPUCABlelBy OF SAMPUN6 DESIGNS 

'66 

* Systematic grid sampling: Systematic grid 
sampling procedures are good for identifying 
unicnown hot spots and ais0 provide unbiased 
e 5 b a t e s o f C h ~ d o a n d ~  
(GiIberf 1987) tneful in calculating the RME. 

or classical estimation models. Variance 
systematicsamplillgcanbe usedm geoswistid 



Simple Random 
Sampling 

0 0  

Systematic Grid 
Samplingl 

I 

0 0 0 0  

Strata 

Stratified Systematic 
Sampling 

Systematic Random 
Sampling 

0 

0 0 
0 ZH I 

21402011 
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I' 

E. Medim 
Pathway 
code 

I 

Column Totals: 1 
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EXHIBIT $5. PART 91: EXPOSURE PATHWAY SUMMARY 
SAMBUNG DESIGN SELECTUOBU WORKSHEET 

((Cont'd) 

u - 1  

n 

M. Code (CAS Numbbar) ol chermcal d Wenttal Concern selected a8 Proxy 
N. R e a m  for oefknno New Stratum or Domatn (Clrde one) 

1. Heterogeneous Chermcal D~strlbullon 
2 Geolog~calStratumControlr 
3. Hsbncal lnformabon Indicates Difference 
4. Field scramng Ind~ca&m Difference 
5. ExposureVanattom 
6. OU?er(specify) 

0. Number of Samples from Part 111 

'L 

R. Total (Part I, Step F): 
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EXHIBIT 45, PART IPI: EXPOSURE AREA SUMMARY 
SAMPUDJG DESIGN SELECWN WORKSHEET 

(CQPlf'd) 

0. Stratum or Exposure Ama 
E. MediudPathwayCcde 

Domain Code 
Pathway coda 

Use prior site infownation to @am smtple6, or detefmin@ location and -ant of conternination. Judgmental or 
purposive samples s g r w p ~  m n o t  be used to mpleee etatistitauy located 88Mp188. 

Numbar of samples n - 
1. BackgroundSamplss 

Background samples must ba t s b n  for each medium1 relevant to each stmudarea Zero background samples 
are not acceptable. See the discussion on paga pp. 74-75. 

Number of Background Samples n 
u. Statisticelsamples - 

CV of proxy or chemical of potential concern 
Minimum Detectable Relative D~erence  (MDRD) ( ~ 4 0 %  if no other information exists) 
Confidence Level (~80%)  Power of Test (+e=) 

Number of Samples 
(See formula in Appends IIV) 

V. Geometrical Samples 
Hot spot radius 

Probabiii that NO hot spot exists atter investlgation 
(see formula in Appendix IV) 

(Enter distance units) 
Probability of hot spot prior to investigation (0 to lOO?%l) 

(enter only lif >75%) 

W. Geostatistical Samples 
Required number of samples to complete grid + 
Number of shon range samples 

X. Quality Control Samples 
Number of Duplicates 
Number of Blanks 

Y .  Sample Total for Stratum 
(Part 11, Step U) 

(Minimum 120 environmental samples) 
(Minimum 1 per medium per day or 1 per  sampling 
process. whichever is greater) 

I 0 
metriC8l 

aatistical 
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ET==- 
statistical Perfoamarrce objeuives (based on site 
enviro-tai Sam-), 

Quality assurance objectives (based on QC 
s=pw* and 
Background samples (based on MDRD). 

EXHOBI? 46. FAmORS IN DFERRRIISING 
TOTAL NUMBER OF SAMPLES COLLECTED 

1- 

'Ihenumber ofenvironmentalsite~lesisuitimartly 
controlled by performance requirements, given the 
statistical sampiing design. The relationship between 
numberof samplesandmeasuRsofpafonnancedepends 
upon the Valbbility of thechemicalsofpotentialanuPm. 
which is measumi by the coefficient of variation .In 
other words. the relationship between the coefficient of 

varmonforarhrmlnl - of potential concern and 
measmes Ofpufmmce is the basis far determining 
tbe namba of samples necessary to pro* useable 
darafarislcasssment 

. .  

w lfthe natural variability ofthe chemicals 
of potential concam is large (e.g.. greater 
than 30%). the majorplanning effort should 
be to wllea more envimnmenfal samples. 

Thc nambtr of samples can be caiculated given a 
coe&cieatofvariarion, ampred cdk imce l e d  or 
certainty, arcqmRd rati.aiFsll powex. and an MDm. 
Exbibit 47 illusoates t b e r e l a t i o n s h i p s b e ~ t h e  
nambtrofsamplesnqair#l givea typical values forthe 
coefficient of wariation and statistical pezfoImance 
objectives. Calculatioo formulas in Appendix IV 
fadlitarethe~~ofeffecrsbeyondrbtexamples 
cited. 

A 
B. 

c. 

D. 

E. 

F. 

Eater the Stlpemmd site name. 

Enteracodethatuniquelyidentifitsabasemapof 
the site or the exposure unit. 

All sampling wenu should be identified on a map 
orinadambasesuchasaGeographcalInfarmanon 
Systan (GIs). 

Identify the medimn to be samplecI (e.g, soil, 
groundwater, industrial sludge. !nine tailings. 
smelter slag, etc.). 
Enter any comments required fo describe the 
exposure area and other informauon such as the 
RpM'SllaUle. 

Enter a medium/pathway code that has been 
assigned for the risk investigation. 

Specify the exposure pathway (e+. ingation of 
soil). 
Leave this entry blank for now, then enter the 
number of samples for each category that have 
beenseieuedfrom PanXI (StepR)of the warksheet 
when completed 

I 
I 
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MHIBOT 47. RELATlQNSHlPS B M E N  MEASURES OF STATISTICAL 
PERFORMANCE AND NUMBER 
OF SAMPLES REQUIRED 

Sample types are broken out by sample type: 

JudgmenfaURPposive, 

0 Background, 

Statistical design (e.& stratified random 
sampling). 

Geomenicalorggeostatisticaidesign(including 
. hot spot sampling). and 

* Quality control samples. 

0 At least one broad spectrum analytical 
sample is required for riskassessment, and 
a minimum of two or three are 
recommended for each medium in an 
exposure pathway. 

G. Enter the pard total of all samples within aspecific 
medium. 

H. 

I. 

J. 

List the chemicals of potential ccmcem and heir 
CAS numbers. 

List the known OT suspected chemxcais of potential 
concernbgsedonhistoricaldataThiswillgenelally 
be fram the PNSI. 

List the frequency of occurrence (46). 

The tkquency of ocammce is the perant of 
samplesinwhichtheche~ofpotentialconcern 
hasbeenidentified. Thismaybeobtainedfrom 
site-spedficdataorcalcuhtedfraanhistarial(PA/ 
SI) data or fate and transport modeling. 

Enter an estimate of the average (arithmetic mean) 
and maximum concentmuon of the chemical of 
potential conam. 

Historical data M data from similar sites can be 
used to derive these values. More sampling will 
usually be ne- to determine statistically 
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SigdicantdifftRIIQS if these ValUes llft close to 
badrgropnd levels or to the lcvels of detection. 

K. Estimate the coefficient of vaxianon. 

Thecoefficient of Variahn (cv)caabeestimated 
from Jite-specific dam M from data horn similar 
sites. T h e ~ b e r o f s a m p l l ? s ~ t o p r o d u c e  
useabic dam will genemuy increase as the CV 
increases. naedefinltlan . .  o f q m m e s u a r a M  
domains should be imrestigaed ifa CV is above 
50%. Exhibit 23 contains a listing of historical 
A n a  fix CVs that may be usedas an escimae in 
theabsmceofsite-specitic~ 

L. Estimatebgckgrormdconcmtrarion. 
Background ConcentratiOa estimates shouldbe for 
eachmediumreievanttoeachstrara/area. Site- 
specific dataare pIefelnX4 but data frwn similar 
sifescanbeutili&. 

M. Selea a proxy chemical of potential concern. 

choose a proxy from the list of chemicals of 
potentialconcexntodevelopsampiingplans. Note 
that a proxy that bas the highest CV. lowest 
frequencyofoccmreace.orwhoseamcenuaticmat 
the siteis closest to background levels will requixe 
the mOSt samples. 

N. Develop the reason for Mmmg new strata or areas. 
HeterogeneousCnPmicllDistribution: I fa  
chemical can be shown to have dissimilar 
distributions of concentration m different 
areas. rben the areas should be subdivided. 
For example, hot spots may be considered 
SgararelY - 

* Geological Stratxun Controls: Knowledge of 
l d  geologic conditions can be used to 
~ceseparateareaswheresimihrsratistic 
dislributionsarelikelytoexisL Inpamcular. 
different “stratigraphic” layers may produce 
rtisanctsoara 

Histcaicalrnf-on: Hi!jtoricaliIlfolm&n 
on production. discharge or storage of 
chemicalsofptentialconcemonbeusedto 
identify s e w  areas. 
Field Screening: Field analyticai results can 
be used 
mapped into exposure areas. 
Exposure Variations: Information or 
variations in behavior pauems, land use or 
~pupscanbeuse<ltoidentifysepmxe 

locate subpopulations that are 

0. Listthesuaunnorareanameandcode. 
Tbesaatnm orateaidenrifies subareas on the site 
base-map. 

Q. List thd number of samples estimated after 
Ccmlplering pan m of chis worksk t  

R List the number of samples estimated after 
amplering Part nand Part III of rhis worksheet. 

S. Enter judBmentauparp0sive sampling comments. 

Aminimum of three to five judgmental orpuxposive 
samples most he used to sample a suam or 
exposurearea. Hismricaiorapriarsiteinfarmation 
canbeusedtolocaresamplingpsicumstodefermine 
the extent and magnitude of contammation. 
Chemid field xreening, geophysics. vegetation 
stress. rrmofe sensing, geology, etc. can also be 
used to guide judgmental sampling. Judgmental or 
purposive samples are not recommended for 
estimating average and maximum values within a 
srrarumordomain area, but they can be uscd in 
geosratistical kriging estimations and can be 
included in calcnlating risk. 

T. Identify background samples. 

For statistical pmrposes, a sufficient number of 
background samples must be taken to demmne 
the validity of the null hypothesis that there is no 
difference between mean values of conceatrarion 
in the site and the background samples at the 
desired level of confidence. Early sarnphg and 
analysis ofbacicground samples will indicate che 
ease with which background levels can be 
disuiminated.andallowmodificationstobemade 
totheSAPifnecessary. 

Background samples must be taken for each 
exposure pathway. As with QC samples, results 
from the badrground sample should be assessed 
early to see if background levels will severely 
impact the sampling design. Tbe number of 
necessary beckground samples increases as the 

Background samples should not be used m the 
estimation of average ormaximum values within a 
stratam or exposure area but they can be used in 

variability of the background vaiues maeases. 
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laiging tstimations. 
b a d r g r a m d l e v e l s a r e c t o o n - s i ~ ~  

~ s a m p k a s s i t c ~  smallnumbers 
of bykgronnd samples increase theprobabitity of 
atypeII.falscnegativearw(ie.,thatnodiffermce 
exists between site and background when a 
ctifferena does. m f a q  exist). Hawever, rigmous 
statisticalanalysesinvolvingbadcgroundsamples 
may be urmecessary if site and om-site related 
COII ramharim dealiy differ. 

In those instances where 

levels, it may be massa~~ to collect as many 

When R = 2 0 m  

l aadA=37.160m' 

Co//enand analyle badrgroundsamples 
prior to the final determinetion of the 
sampling design since the number of 
samples is sjgnificantlv redrrced if little 
background contamination is present. 

Backgmundlevelsofamraminantsvaybymedium 
and the type of comamimion. If a -le 
background level of a contaminant occurs 
infrequently. the number of background samples 
analyzed might be kept small. Metals oftm bave 
high mes of detection in background sampk. 
Some pesticides. sucb as DDT. are anthropogenic 
and also bave higb rates of detection in pimicular 
rnamces. Anthropogenic background lewls are 
also found m sitesnear industries andurban areas. 
It is important to ciistinguisb detection, or lack of 
detection, in a single sample from a false positive 
or false negative result Resulu from single samples 
are different estimators than those from statistical 
parameters from pooled samples. Background 
stunpiing must be increased in the following 

Contamination exists in mare than one 

Expectedcoefficienrsofvariationinchemicals 

s1tuatmns: 

medium. 

of concern are high and confinned by actual 
data 
Relative differences between site and 
background levels are smaIl, and 

Site concentrations and concentmuons of 
concem are low. 

u. Identify sta t is t id  samples. 

samples should be systelnatidy or randomly 
located. The n u m k  of samples can be calculated 
using the CV of the proxy variable. the required 
MDRD, the ~quired confidence level and power of 
the test. and the appropiate statistical formula and 
appqmatechans. 
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v. Ideatifysamplafnrmge<nneaicaldesign. 
sr Systematic sampling supplemented by 
judgmental sampling is the best strategy 
lor idenwing hot spots. 

For example, using the equation in Appendix N: 

'Iherefore 12 samples are requrred 

Note that the requirements for 15 samples from a 
sratisacal sampling aFproach can be met in this 
example if the hot spot search is augmented by 
randomly locating two additional samples. The 
results for number of samples hm U and V are not 
additive. 

W. Identify samples from gmstaristical design. 

Ageostatistidsamplmgpamshouldbedesigned 
at the early stage of planning. A statistician should 
be consulted to develop the design. 



X. QualityCamrOlSampk 

EXWEIT 08. WUYBER OF SAMPLES REOUlRED 
TO ACHIEVE QWEN LEVUS OF C F D E N C E ,  

POWER, AND MDRD 

"- 

Blanks provide an estimate of bias due to 
contamination introduced by sampling, 
uanspnation carryover during field filtration, 
psemuon, or storage. At least one f d d  blank 
permediumshouldbecoileaedieachday,andat 
least one blank rrmst be collected for eacb sampling 
POQSS (EPA 19890. 

Examine results from duplicate and blank samples 
as early as possible in the sampling opemion to 
asarrainif~edsamplingcharactens . ticsare 
ac~ate and discover areas where the sampling 
saategyreq- modificatioLI. Foramaredetailed 
discPssion ofthe types and use of QC samples see 
A R a t i d  for the Assessment of Errors in the 

Y. Calmlate the sample total for stratum or exposure 
area (emerin parr II, Step u). 

s0mpling Of SO& (EPA 199Oc). 

4.1.3 specific Sampling Bssues . 

Confidence level: ThC d i d e a c e  h l  is 100 
minus a where a is the percant probability of 
taking action when no actiao is required (false 
positive). 

Power poWeris100minus&whenBisthe 
percent probability of not taking action when 
action is required (false negative). 

Minimumderecrablerelativediff-: MDRD 
isthepercentdiffereacerequiredbetweensiteand 
background concentration levels before the 
difference can he de- statistically. 

n e  power andability to deten rtifferences between site 
concenaationlevels~tobadrgrouadlevelsare 
uiticalforriskasesmea GivenaCV.thereqaired 
levels of confidence, power, and MDRD significantly 
affect the umber of samples. Exhibit 48 illusaates the 
effect When them isequal to2596. 

It is imponant to note that the number of samples 
required to meet codidexice and power requirements 
will be 1owiftheacceprableMDRDislarge; that is if 
site contamination is easily discriminated from 
background levels. 

Determining required preciskn~ of rmcaruirerwnt 
e m .  Field dupl ica~  and blanks are the major fEld 
QC samples of importance to the precision of 
measurementerror. Duplicatespvideanesrimateof 
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EXHIBIT 49. CONFIDENCE LEVELS FOR THE 
ASSESSMENT OF MEASUREMENT VARlABlUrY 

Dupilcatr 
Pat Sampkr Tnw, 

Vmionce, 

2 

3 

4 

5 

6 
7 

8 

9 

10 

27 

-32 
.36 
.39 
.42 

.M 

.46 

.47 

.49 

2 P 

2 5 

02 P 2 
P > 2 5 

5 

1 

5 

5 

0 

0 

U 

0 

2 

2 

2 

3621 

13.89 

026 

6.02 
4.04 

4.14 

3.67 

3.33 
3.08 

~ ~~ 

2 

2 

2 

2 

2 

15 .Ss 5 U 5 2.40 

20 .!% I U J 2.08 

25 .62 5 U P 1.91 

100 .n 5 0 5 1.35 

50 .70 5 U 5 1.61 

Note: 
soutce: EPA1990c. 

Assumes data are or have been transformed to normal dcmbubon. 
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“critical” AU data asochcd with such a sample must 
becomplete. TheonlyacceptablelevelofcompleKness 
for critical samples is 100%. 

e Focus planning efforts on maximizing 
the wllsdion of UJeeble data from m2kal 
SaInpb.  

PIohspts a d  the pdmbility ofnrirrsing a WSpL 
Hotqotsareprimariiy an issue in soil sampling. The 
RPM and risk assessor must determine wherher hot 
spars exist in theexposureareaandtbe p h b l e  size of 
tbehotspa ’ihisinfannaoioocanoftenbededuced 
hnnhismiddataandaedapA byjudgmentaaanpling. 
aithoughjudglneatai sampling alone C i I l I l O t ~ c e  
estimates of the probability that a hot spot has bten 
missed. Rocedmesfmdetermmrn - gtheprobabilityof 
missingabMspotareaotaseffectiveinran~designs 
as in sysMnaticand geostatistid designs. However, a 
search srrategy which !natifii the area- on grids 
andrhenraDdomiysampleswithineachgridcanbeused 
within the classical technique. Systematic and 
geostaastical design approaches provide the best 
approach to unknown hot spot identification. 
Appendix IV describes numerical procedures and 
msumptions to determine the probability that a given 
systemauc design wiU detect a hot spot and provides a 
calculation formula based on a geomemcal approach. 
To employ this formula, the distance between @id 
pclints and thc estimawl size of the hot spot as aradius 
must be specifiecl. 

Historical data comparability. The RPM may wish to 
assess hstorical data along with current results or may 
anucipare that the current dara will need to be compared 
wirh results fram future sampling activities. Consult a 
statittician m either of these cases to determine if the 
current sampling design will allow tbe pduction of 

may need fb be considered when attempting to combine 
d m  from different sampling episodes. Physical 
pmperties of the sitc such as weafher patterns, rainfall 
and geologic characteristics of cliffemit exposure areas 
may need to be considered. Temporal effects. such as 
the seasonality or time period of sampling, or seasonai 
heightofawatertable.mayalsobe imprtant Analytical 
methods have been mociified over time and many 
required detection limits have been revised. 

0 Theahilityto wmbine data from different 
sampling episodes or different sampling 
procsdumsisa very important consideration 
in selecting a sampling design but should 
be done with caution. 

~0f)mownanrI~omparability. Factorsotherthanstaristics 

A Identify current or futme land use. 
B. Identifyexposurescenario. 

Theexposure~oshouldbeiden~-for  

accarding toRoleofBaseline Riskhsessmeru 
inSupgimdRemedy Selectwn Deciswn (EPA 
1991c)and Human Health Evaiuamn Manual 
Supplemental Guidance: Standard Default 
€qwsure Fnnors(EPA 1991d). Aresidential 
exposure scenario should be used whenever 
therearr ,~XIS~be ,~res idenccsOnOa 
adjacent to the site. Unoccupied sites should 
be assumed to be residential in the future 
lmless residaw land use is -le. 
Sitesthacaresurrounded byoperathgindusaiai 
facilitiescanbeassumedtoremainasindusaial 
areas Unless there is an hdicatioo that this 
assumption isnot apFropriate. Otherpotential 
land uses, such as reueatioo and a g l i c n l t ~ ,  
may be used if appropriate. 

~ t 0 r f U t m e k a d u s e .  IdentifyrhesQnario 

2. Cbemicols of Potential Concern 

A Specifyclassofchemical. 

Circle the classes of cbemicals of potential 
concern (e.& volatile organics (VOAs), 
semivolatileorganics(semi-VOAs).inorganics 
or metals, or special class) that apply. 

1 
I 
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EXHIBUT 50. SOIL DEPTH SAMPLING WORKSHEET 

Step 1 - Land Use Spddlcalkne0 

1 A (check one) 
- cunent 
- F u t m  
- CurrenR S Future, Same 

Sampling Dbpth ConslderaUons 

Step 2: Chemicals of Concern 
A Class: VOAs. Metals, 

semi-VOAs. Special 
(e.g.. PCBs. dioxin) 

Sduble. or Leachable 
B Physical Properties: Mobde. 

Step 3: Sod Characteristics 
a T~XUWIIY 
B Organic Content 
C Partide Size 
D Concern for Migration to Other 

Media. (Air, SW. sediments. 
G Y V I  

Step & Vegetative Cover 
HeavyISparsellntermittent 

Step 5: Other Factors 

I 

Step6. Expected 
Depth of Conbmlnatlon 

by Chsmfcab of 
Potentia! Concern 

Suriace IUnlPa Subcurlaca 

Step 7. Expoawe Pathways 

~~ 

The complexity d a site determines il multiple worlaheets are necessary to dislingtmish between cunent and Mure land use scenarios 
(0.g.. mk of residential and cammerdal use for different areas ol a site, possible Mure residential use. ek.). 



3. 

4. 

5. 

6 .  

7. 

B. Recordphysicalproprries. - 
Circletbephysical~0fthecheminl.c 
of potential concern that apply. These 
propemes can beestimatedfrom f x m n  such 
as the octanol/arater parwon COeffLdmf 

appmp&etoea&chlical. 
Hemy's law constant, and water solubility 

soilcbawcrerirtics 

A. Recordthe~omicdesignati~oftbesail. 
ifhmwn. 

B. Recordtheorganicmattercantentofthesoil. 

C. Reuxdthemostanmmnnparticlesizeofthe 
soil. 

D. Identify any concern for migration of the 
chemicals of potential concern to othermedia 
(e.g.. air. sediment, surface water, and 
grormdwater). 

Vegetative Cover 

C i e  whether the vegetative cover of the site is 
heavy, sparse or intennment. 

Other Factors 

Lst other faaurs or considerations that influence 
the destred depth of soil sampling. For example, 
geological facton (e.g.. depth to groundwater or 
bedrock) could influence soil sampling. 

Expected Depth ofContamination by Chemicals 
of Potemtkl Concern 

Enter elrpected depth (and umts) of conraxninauon 
by chemicals of potential concern, given the 
cfiemicals, soil characteristics and vegeratlve cover. 
Depth can be influenced by dkposal pramces or 
deposition panems, soil chamae& tics. vegetative 
cover. and physical and chemical propenies of the 
chemicals of potenmi concern. 

Exposure Pathways 

Enter exposure pathways by chemicals of potential 
concern, soil charactenstics and vegerative cover. 
Physical and chemical pmpenies of the chemicals 
of potentd concem will Muence their activity in 
t h e e x ~ p a f h w a y  kg.. VOAsandtheinhalatim 
@way). Soilcharacuns ' tiaandvegetaavecover 
will also influence the exposure pathway (e.g., 
groundwater and water ingestion pathway). 
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8. Represmtative Slnnrple Depths 

Recard ~cprrseatative sample depths (including 

throunh 7. 
rmits) indicated by the data Cmpleed in steps 2 

Other Berfchnrauace Measures. Other perf- 
measuresmaybedesignatedtofaEiiitaterhemoniuxing 
and assessment of sampling. For example. field spikes 
and ficld evaiuation or audit samples can be used to 
a s s e S S t h e a c w a C y a n d ~  ofresults. Ficld 
mapix spikes are routine samples spiked with the 
contaminam of interest in the fieldanddo not increase 
the nrrmber of fieid samples. Field evaluarion samples 
a r e o f h l o w n c o n a n a a t o l a w ~ ~ ~  in the 
fieldattheeariieststagepossibleandsubjccrmrbe~ 
manipulation as routine samples. Field evaluation 
samples will increase the total number of samples 
collected. performanet measures for fEld spikes and 
evaluation samples are expressed in f ~ m s  of percent 
recovery. Difficulties associared with field spiking. 

practice (EPA 19896. 
especially in mi& have resulted in limited use of this 

4.1.5 Balancing b U e S  for D e C k h -  

Completing a number of Sampling Design Selection 
Worksheets (Exhibit 45) for different exposue anas, 
media. and sampling design alternatives will enable the 
RPM andriskassessor to compare andevaluate sampling 
design options and consequences and select the 
appropriate sampling design for eacb medium and 

time, analyticai costs, number of samples sampling 
costs. and level of uncertainty can then be weighed. For 
example. pahaps more samples can be collected if less 
expensive analyses are used. Or, if the risk assessment 
is based on a point source, collection of additional 
samples to estimate chemical concentrations and 
distribution can be a v o w  

Making 

expsurepathway. Racticaluadeoffsbetweenrespnse 



EXHIBUT 51. AUTOMATED SYSTEMS" VO SUPPORT 
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Chemical 01 Class d 
Chemicals of 

Polentiat Concern 

EXHOBIT 52. METHOD SELECWON WORKSHEET 

IN. Metdlum 

0. 
IDOnlyor 

ID Plus 
Quad 

(ID or tD+Q) 

’ Y= Total reported for compound dass. 
I 2N = Each analyte reported separalely. 

?Method detection l i l  should be no arealer man 20% d concenlrabon of concern. 
Preliminary remedialion goal. 

I qAefer Io Appandix 111 lor spedfi melhods. Recommend consullalion 
(Exhibit 53 lkls computer syslems Ihal Jupport method selection.) 

with d r e f n l S l  andlor eulomaled mehods search lo 
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e Ensure that m*ticul requimmnts end 
priorities ere specified on the Method 
Selection Worksheet so thet the most 
appropriate mthods can be com'dered. 

Ro~methodsareissuedbyanarganizSrian 
witb appqxhe responsibility (eg, state of 
f e d e r a l a g e n c y w i r h r e g l l l a m y ~ ,  
professional organizatioa), are validated, 
docamuued and published and contain 
information on minimum performance 
--=-etecrioniimifprecisi 
and accmacy, and useful range. 

Nmt-routine methods addRss dWm with 
unusuaiar~lemaricmaaie#lotv~ 
limits or new parameters, procedures or 
techniqnes; they oftencontainadjustma& to 
mtinemethods. 

. .. 

er Use routine methods whereverposrible 
since method development is time- 
consuming end may result in problems with 
laboratory implementation. 

4.2. l i CompBethg the Method 

1. 

2. 

3. 

4. 

Sele&ioro worksheet 
Identify analytes. 

List the chemicals of potential mcem to risk 
assessment for the site on the Method Seleaion 
Worksheet Use the same list of chemicals rhat 
appears on the Sampling Design Selection 
Worksheers. Under Column lB, indicate whether 
the concentration forearb anal yte sbouldbenqmed 
separately, or the total for the compound class 
repaed. 

Identify medium for analysis. 

Spedfy the analysis medium (e.g., soil. sediment 
groundwater, surface water, air, biota). 

Decide on critical parameters. 

Specifytherequireddatatllmaroundtime(IIIA)as 
the number of hours or days from the time of 
sample collection. Indicate whether chemical 
identiftcatonalaneisdesiredoridentif~uoaplus 
quantiration (mB). Spec i f y  the con~npation of 
COIlcern (IIIOaadrequrneddtiOn orquanatation 
limit (mD). 

Identify routine svailahle metbods. 

Use the fmal worksheet column, in consultation 
with theprojectchemist tolistthemethodsavailable 
thatsatisf'ytherequiremcntsinthepxecedingsteps. 
Reference sources and software rn available to 

assist m identifying matine d y t i c a l  methods 
applicabae f o r e n ~ m t a l s a m p b  (Exhibit53). 
'Lbe m o a t c w m l m m ~  methods fololganics 
and inofp&s analyses for risk asesmuu are 
l i s t e d m m m .  - n l f 2 m ~ i l l c h C ~  
are Erom the following somccs: 

0 Contract Laboratory Program (UP) 
S t a m m t s  of Work for Routine Arralytlcal 
savic# @PA 19906 EPA 19%). 

Test Metbodsfbr EvaLuating Solid Wosv 
(SW846): PhysiaPUChenucol Methods (EPA 
1986b), 
S e d  M& for the &tmhatitm of 
Wmer tud Wastewater (Clesaxj a. al, eds. 
1989). and 

EPA SaicS 200,300,500,6OQ and 1600 
Methods (EPA 1983, €PA 1984. €PA 19884 
and EPA 1989g). 

e 

- 
e 

orherso0ce3 of methods are: 
0 FieldAnalyticalSupponRoject(FASP)(EPA 

1989h). 
0 Field Screening Methods Catalog (EPA 

1987bh 
e FieU Analytical Methods Catdog, 

ERTSWrdatd Operatmg Guidelines. 

close Suppon Analytical Methods, 

9 A ConpmdaunofSupe@ndFieldOperatwns 
Methods (EPA 1987~). 
Association of Official Analytical Chemists 
(AOAO. and 

Amaican Society for Testing and Materials 
(ASRVI). 

0 

Several compoter-assisted search and artificial 
intelligence-based tools are available. induding the 
Eavironmental Monitoring Methods Index 0. 
theSmartMerbodsInde%.andacomputerizedref~ce 
book on aaaiyticalmerhods. some of thesesystansart 
designed as teaching tools, as well as informabad 
compendia Au offer tbe ability to rapidly search and 
compare lists of chemicals and method 
from accepted reference sources. Exhibit 53 lists 
software prcxluas that aid method selection. identifies 
contacts for infoxmation. and gives a shon description 
of the product. 

. .  
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EXHIBIT 53. AUTOMATED SYSTEMS. 
TO SUPPORT METHOD SELECTION 

I - 

4.2.2 Evaluating the Appropriate- 
ness of Routine Methods 

u Analyre-specific methods rhar provide 
bener quantrtation can be considered for 
use once chemicals of potential concern 
have been identified by a broad specmum 
analysis. 

Choice of the proper method iscritical to the acquisition 
of useable data See Section 3 2  for a more detailed 
discussion. Routine metbods provide data of known 
quality for the analysis of chemicals and sample types 
described in the method. Dam quality issues (precision, 
a c c u r a c y , a n d i n t ) ~ u s u ~ y ~ ~ ~ ~ m t h e  
method. Consult the project chemist and examine 
available methods with respect to the aiteriadefmed on 
the Method Selecuon Wcnkshm. It may be helpful to 
divide theanalyte l is t imocateg~basedon the types 
of analysis. For example. anquiremat for chrominm, 
cahum. andaxsenicdatacouIdnotbegeneratedby the 
same analysis as data for chlarinated hydrocarbans 
because of sample extracciox~ and treaanent procedures. 
It may be possible to use severalmethods independently 
andcombinethedaraswforrislrasscssnentpur~osa. 
This is done routinely by the CLP, where inorganics 

(elrmrntal adysis), volatile& ex- orgamics, 
andpesacidesareamIydbyditTermtmedrads. In 
sameolscs.norouo'mcmetbodaaseriesofmethodswill 
bcabletosarisfy allaireaiaand compromisesmustbe 
amsidered. TbeRPM.withtheadviceofthexisk 
assessor. must then daemune * whichaireriaareof 
highcstpriarityaudwhiEhc;mbemodifiedForaamplc, 
i f a  low c k u i c m  limit is of high priority. mmaround 
time and cost of analysis will likely increase. 
Alternatively, low detection limit and precision 
requirrmentrmaymedtobemnrtificdifanini!ialblOad 
~~ysisiSOfbighpitXi lytOqnick~detamine 
r k  ~cstmrmbaofdrlmicllr present at the site. 

T~vnahoarad tlnar. Tumamund time is dncrrmned * by 
the available insmmencui~ sample capacity, and 
methods requirrmeno. Tmnaroand times for field 
analyses can beas short as a few bolas, while those for 
fued hboramyanalyses indude aanspon time and 
range fram several days to s e d  weeks. Field 
ins~ntscanpvidetllequickestresul&especlally 
if the dam do not go tbrougb afonnai =view process. 
However. the CoofidQlCe in chemical idenrificaaon. 
and pa&nhiy quantitation, may not be as high. In 
geaerai, methods with quick Mnarwndtimes may be 
lesspaeciseandbavehigherdeaectioniimits. Ifdataare 
needed quickly. a field method can be used for initial 
results and afixed hbomorymethod used to produce 
more detailed resulfs (ar collfiim the earlierresulu), 
thereby increasing the c o n f i c k ~  in field analyses. 
Sample qmmtihtica limits. Risk assessment often 
requires a sample quamimion limit at or below the 
detection limit forrourine methods formany cbPmicatn 
oftoxiwlo@calconccm(set Sdon3.2.4). nKsample 
quantitatian limiuvary acamling tothesize,treatment. 
andanalysisofeachindividualsample. 'Ihequantitation 
limitsforch~mwsamplesareoftealfaflower 
tban for the s;ane chemicals in soils because of- 
extractable~om~soil.In~ceslmown 
for the method may hinder acquisition of data of 
acceptable quality and are more pronounced near the 
methoddetectionlimit Comparedocmnenedmechad 
interferences with site conditions to identify potential 
methorlpxoblems. Somecnmmmsollrcesofma- 
in organic and inorganic analyses are s- ' i n  
Exhibits 54 and 55. If needed sample quamimkm 
limits cannot be met by a-le methods, consult the 
project chemist for the feasibility of detection at the 
desired level in the required sample type. 'Ihe chemist 
canhelpdetmnine ifmethodadaptationcanresolve the 
problem, or if a noa-routine method of analysis can be 
used 
Uddnmge .  lkusefulrangeofamethodistherange 
of cancenaatian ofchemids for whicb precise and 
accuraceRsultscanbcgcnerated. Thisrangeisanalyte- 
spcitic. The lower end of the useful range is the 
method detection limit often generically refened 10 as 
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EXHIBUT 54. COMMON LABORATORY CONTAMINANTS AND 
ONTERFERENCES BY ORGANIC ANALYE 

I contamination 

Ilntsrtemnce 
01 

FatlOil E%tract&le 
organics, 
pssticides, and 
PCBs 

T i e ,  
waste. 
soils 

IlWfe4ESed 
detection limit, 
decreased 
precisinl 
(LccurBcy 

GPC (all groups). brisil 

digestion (PCBs only) 
(p-tdes), acid 

Sulfur ExbactaMe organics, 
chlorinated and 
PhOSphorUS- 
containing pesticides 

Sediment, 
m e ,  
soils 

GPC, copper, 
mercury, tetrabutyl 
ammonium sulfate 

Phthalate 
Esters 

~ ~ 

Laboratory 
Solvents 

~ Chlorinated 
I pesticides, PCBs, 
and extractable 
organics 

Vobtile organics 
(methylene chloride, 

' acetone, and 
2-butanone) 

IIII' I False positive 
identification 
(pesticides and 
extractable 
organics) or 
positive bias 
(pesticides and 
extractable 
organics) 

Rorisil, GC-MS 
confirmation of identity 
(pesticides, PCBs), 
evaluation of reagents 
.and method blanks for 
contamination 

All False positive 
identification or 
positive bias 

Confidence in data use 
based on interpretation 
of blank data 

1~ *Source: EPA 1986a. 

the "detection limit" If a lower detection limit is 
required, use of a larger sample or smaIler f d  sraact 
volume can sometimes compensate. However, any 
interfermg chemicals are also concentrated thereby 
produanggreaterintexferenceeffects. Abovethe useful 
range. the response may not be linear and may affect 
quyltitauon. This causes inacclnate mUor imprecise 
measurements. Reducing the sample size for analysis 
or diluting the exrracted material may bring the 
conanaation within the useful range. With individual 
envimnmental samples, some chemicals are sometimes 
present at the low end of the useful range of the method. 
whileothtrsareabovetheusefulrange. Inthissituation. 
two analyses, at different effective dilutions. are 
ncceSSary 10 produce acanate and precise data on all 
chemicals. If detailed criteria for performing and 
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reporting such actions are not already pan of the 
analyticalStawnentofWork. then thelabaratarysbould 
beinsuuaedtonotifytheRPIvlifthissitllationoccras. 
to allow for su&cient time for reanalysis within tbe 
specified holding time. All relevant analyses should be 
reported tomaximize the useability ofboth dctcEtectand 
nodternanalytes.  

er Allresults should be reported forsamples 
analyzed at more than one dilution. 

PrecirioaandaccurrPcy. Rouwemethodsofmspecify 
precision and accuracy with respect to specific analytes 
(chemicals) andmavices (sample media). However. be 
aware that enviromnental samples are often difficult to 
analyze because of the complexity of the matrix or the 



EXHIBIT 55. COMMON LABORATORY CONTAMONANTS AND 
INTERFERENCES BY INORGANUC MALYTE 

A d  I G F M  
I 1  
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presenceofalargenlrmkrofconmminano;this~dy 
results in lower levels of pndsion and aclcuracy than 
those Cl ted  m the method 

4.2.3 Developing Akernatbes When 
RoMhd, Md'bOdS am nQt 
Awdhbls 

I f r o u r i n e m e t h o d s a r c n a ~ t o s u i t t b e ~  
of merest, it  is oftea due tomeormore afthe following 
factors: 

The detection limit of commonly available 
instrumenfarion bas been readd, and a lowa 
deteccionl imit isreqairedfortherisk~ 

0fchemlml.c - areof - A n m ~ c o m b r n a t t o n  
pmoal cm=m 

. .  

The sample matrix is complex, and 

The chemicals of potential concun or other 
analyucai parameters are unique to a panicdm 
site. 

consult an analytical chemist for specific guidance on 
thepotenuallixnitationsofaltanative~. These 
may include adapration of a routine metbod or use of a 
non-rouune method. Be aware that certain conditions. 
such as extremely low detection limits for some 
chemicals. may be beyond the capdbiiity of current 
analyucal technology. Turnaround mes and costs may 

Reaognizc thatnon-mrineanalysesrtquin agrcater 
lcveiafcapability and wrpaience from the analytical 
laboratary, end that mmsroaad hme can b longer 
~thethemtthodmayneedalrerationduring~ysis 
ifproblemsdevelap- 
kvdopmrmt d mew methods Developing new 
methodsshoaidbtthe~ofhstrrson?heRpM, 
risk -, and plqjea chemist should amsider .- gthtdevelolmleutofntwmethodsanly 
fcRrdmniarlrOf- - p-caacernthatcamuff 
a n r e n t l y k a n a l ~ a t ~ ~ o f d e ~ o n .  
Althougb designing a method based on data available 
for a given insanment and analytes may seem 
straightfoaward the is timoconslmring and 
arpeasivc. unfanseenprobiemsomoftenarisew~ 
t h e w i s -  i l l t h e m .  Problems 
canocMevenwhen~bolatarypersonnelhavesupe 
aainingandarperiezlce. considerthefollowingpomts 

0 Ifpssibk m a  laboatmy with arecopzed 
qatatim for persormanCe and flexibility in a 
r e l a r e d a r e a . T r e a t ~ ~ a s ~  
inthecbebpmmtpmcess. 'Ihisismewhether 
aannmmal ora govenunent Iaborauny is used. 

0 Identify sources for authentic standards of the 
chemicals in question to support method 
development campmaized databases such as 
the EPA EMMI (see Exhibit 53) may be useful for 
such a determiaation. 

whm rerloesting the development of anew metho& 

- Be aware that axnamund time for useable data ais0 be increased. 

Adaptation of routine methods. Adapting routine 
methods may be a soluaon when routine methods will 
nor provide the des& data even after compromises 
have been made with respea to paramem such as 
turnaround tune and cost. Using the completed Method 
Selecuon Worksheet as the starting p n t  work closely 
with an analytical chexni? to formulate suitable 
mdificauons to rhe routine method. Evaluare and 
document any effeus on data quality that will result 
trom the modrfications. 
Within the U P ,  such analyses can be obtained by 
speaal analytical requests. Before analysis of site 
samples. it is advisabie to COIlfirm a laboratory's ability 
LO pufm the adapted method with preliminary data. 
Use of non-routine mnthods. Existing nm-routine 
methods that meet criteria can be used i f a  routine 
methodcannotbeadaptedtoprovidethenecesarydata. 

computerized search scnices can be of considerable 
help xn identifying such methods. Work interactively 
wilh an analyucalchemistinreviewing selectedmethods. 

may be long (potentially several months) because 
of the likelihood of aying different appmaches 
before discovering an acceptable procedure. 

such analyses can be found in the research l-, 
usually OltalOgued by analyte OX i n s m e ~ ~ t .  On-line 

4.2.4 Selecting AnaUytical Labora- 
tories 

In selecting a labaratory to produce analytical data for 
risk assessment purposes, identify and evaluate the 

Posscssion of appropriate insaumentation and 
trainedpersonneltoprformtherequuedanalyses, 
as defined in the analytical SFecrfCations. 

Expaiencemperformingthesameorsimilar 
=ab=. 

0 Performance evaluation results from formal 
monitoring or accreditation programs. 

0 Adequate laboratory capacity to perfom all 
analyses m the desired timeframe. 

foIlOwing laboratory qllalifications: 
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4.25 Writing the Analysis Request 
Include the following items in the analysis request 

A clear, complete desaiption of the sample 
preparatiaa, -aa, and analysis lruxdms 
m~~gdemiledperfannanaspedfications. For 
adaptationof~nemetbods,specifytheroutine 
method and explicitly state alterations with 
applicable references. 

0 Docummredxepmingrcquimnenrs. 

Labaratoryaccesstorequiredauthentice 
Srandards. 

Amechamm . for the lahamy to obtain EPA 
technical assistance in implementing method 
m ~ o n s o r p e r f ~ g n o a - n # l t i n e m e z b o d s .  

If the analysis request is for a non-routine method 
reference the published material with a detailed 
sFecificatianofprocedaresaudlequiremmts~ 
by the asralyucal rbemist who bas been working with 
theRPMdriskassessor. Thespecificationmust 
iacludetbefreqoency.~aiteriaandcorreftive 
2mioll requirements foreach of the following 

Insalnncntstandardizatian. including tuning and 
initial and continuing calibratio& 

4.3 B U C O N G  ISSUES FOR 
DECISION-MAKING 

Resource hues. Resorrrcc limirations are a major 
reason for sampling design modificatioIl ?be number 
of samples required to achieve desired performance 
measlrresmaywlwylnsourceavailability. Modifying 
the sampling design and tbe efficiency of statistical 
estimatorscaur#lucesan@esizeandcosnaudirnprow 
overalltime~fortheriskassessment Analytical 
methodssuchas 6eldanalysesmay also* COJt. 
sysranatic and geoslatisid sampling designs can 
oftenachievetkxeqrriredperf~measureswith 
f ~ ~ s a m p l e s t h a n ~ r a n Q m s a m p i i n g ( G i l b e n  
1987). Pilot sampiing can be used D verify initial 
assumptions of the S A P ,  increase knowledge of 
a m a m h a n t t d a n d ~ S A P ~ -  
to reduce the number of samples. Explain resource 
issoes and record potential design modifications m 
docmnentation developed drping planning. 
Completing a ~Ilmbcr of Sampling Design Selection 
Worksheets (Exhibit 45) for different exposure areas. 
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In addiricm to aunaround rime for analysis. rime must 
alsoksdleduledfordatareview. Thiswinnothinda 
the availability of laboratory and field data for 
PrelmMary use if a tiaed dara review sequence is . .  

WhenuJingthetieredapproach,~thepseofsplit 

andfixdlabocatories 1- QLlamam 
thenbemadebetweenthe~andafaPacydthe  

samples &e., sending sample splits for analysis by freld 

field analyses and those of the fmed laboratory. 
C- '0x1 of identification by both field and faxed 
laboratories also increases data confidence and 
pseability. Itisrecommendedthatfieldme~sbould 
be used with at least a 1096 rate of dumat ion  or 
comparison by frxed hboratary analyses. 

. .  
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EXHIBIT 56. COMPAROSON OF ANALYTlCAL OPTIONS 
FOR ORGANIC ANALYES DN WATER 

I '  

GC(PCB) J 

GC (VOA) J 

GC (BNA) J 

GC(Pestiades) 

GC(&iiGas) 

PHOTO VAC 
Detector 

FIXED LABORATORY 

CLP RAS 
VOA 
BNA 
Pestiades 
Dioxin 

CLP LOW CONC 
GC 
VOA 
BNA 

500 SERIES 
GC 
VOA 
BNA 

600 SERIES 
GC 
VOA 
BNA 

SW846 
GC 
VOA 
BNA 

1600 SERIES 
GC 
VOA 
BNA 
Dioxin 
PCDDs, PCDFs 

J 
J 
J 

J 
J 
J 

J 
J 
J 

J 

J 

J 
J 

J J 

J 
J 

J 
J '  
J 

J 
J 

J 
J 

d 
J 

J 
4 .  
J 

J 

J 
J 
J 
J 

2 
J 
J 

J 
J 
J 

J 
J 
.I 



I 

I 
1 
1 
E 
1 
1 
E 
I 
I 

I 

FIXED LABORATORY 
CLP RAS 
VOA 
BNA 
P6iStkides 
Dioxin (2,3,7,8 TCDD) 

swa46 
GC 4 
VOA 
BNA 

1600 SERIES 
GC 4 
WOA 
BNA 
Dioxin 

FIELD SCREEN1 
GC(PCB) 4 

GC(V0A) 4 

GC(BNA) 4 

GC( Pesticides) 

GC(SoilGas) 4 

PHOTO VAC 
Detector 
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EXHlBhh 58. COMPARISON Of ANALYbaCM OPTIONS 
FOR INORGANIC ANALYTES IN WATER AND SOUL 

4 
4 

J 
4 

J 
4 

4 
J 

4 J 

4 

I~ I 

1~ 
I 
'I 
I 



I 
I 
1 
I 
I 
1 
1 
111 
I 

1 

I 

I 
E 
I 

4 4 

FIXED LABORATORY 

CLP VOA 
Cannister 2-5ppb 4 
Tenapc 2-30 ppb 4 

CLP BPUA o.oooo1- 4 

em -1 

0.001 ug/m . 

CLP Metals 
3-1 0 ng/M 

The methods described are new Statemnts of Work. 
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CLP VOA 
Cannister 2-5ppb 4 
Tenapc 2-30 ppb 4 

CLP BPUA o.oooo1- 4 

em -1 

0.001 ug/m . 

CLP Metals 
3-1 0 ng/M 

The methods described are new Statemnts of Work. 
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R 
1 
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I1 
E 
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Assessment 

CRITERION V 

CRITERION VI 

CLP 
N 
CRDL 
CRQL 
DQO 
Gc 
ICP 
MDL 
Ms 
QA 
Qc 
RAGS 
RI 
RME 
RPD 
RPM 
S A P  
SOP 
SQL 
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EXHIBIT 61. MINIMUM REQUIREMENTS, IMPACT' IF NOT MET, A I D  
CORRECTIVE ACTIONS FOR DATA USEABILITY CRlTERIA 

5.3 ~ s o u m w  

Dellnedlevelofaareview 
lor ell W a  

% 



The following activities should be pafanned for tach 
asses~criterion: 

Identifyorcjetermineperfomanceobjed~and 
murnnumdatarequiffments. 

Q u a n t i t a f i ~ o r ~ ~ p e r f ~ ~ ~  
shouldbespecified m theSamplingandanalysis 
plan for all cxxupmmts of the aeqrnsmoa 
mvirorrmmtal dara (as discussed in chapter 4). 

of 

The first step m asessing ea& critaim is fD 
assemble these perfamawe objectives and note 
any changes. M m  objectives sbouldalso 
be compared with the minimum acceptable 

&per. 'IheseminimmnrequiremenDcanbe 
adopted as perfamanee objectives if objectives 
were not speafrcd. For example, the r~quirement 
that e m u s t  be a broad spectrum analysis for at 
leastonesampleineachmediranforeach~~ 
area would be a performance objective. if 
perfomaxe were not specified during planning. 

Determine actual performance compared to 
perfoxmance objectives. 

The next step m the assessment of each criterion is 
to examme results to detexmine the perfmnance 
thatwasadueved foreachdatauseabilicy criterion. 
This performance should then be compared with 
the ObyxUVes established dunng planning. Take 
pamcular note of performance for samples or 
analyses that are uiucal to the baseline risk 
assessment. All deviations from the objectives 
shwldbenoted. InthosecaseswhereFerformance 
was beaer than that required in the objective. it 
may be useful for assessment of fumeactivities to 
determine if this is due to unanticipated 
cf iaracterist icsofts i teortos~orpeaf~ 
in some stage of the data acquisition. Corrective 
action is the next step where performance does not 
meet p e r f o m  objectives for data critical to 
the risk assessment. 

Determine and execute any corrective acuon 
req- 

. . .  

rlquimmrs for data UScBbility preswrcd m this 

cr Focus Corrective action on maximizing 
the useability of data fkom critical samples. 

Corrective action should be taken to improve data 
useability when perfonname fails to meet objectives 
fordatauitlcaltotheriskasessment. Correctiveaction 
optlons are described in Exhibit 62. These options 
require communication among the risk assessor. the 
RPM. and the technical team. Sensitivity analysis may 
be performed by the W assessof to estimate the effects 

Retrieve missing information. 

R d v s  technical or proredud 
problems by requesting additional 
explamtion or clarification f m  the 
technical team. 

Request reanalysis of sample(s) , 
from extract. I 

Request construction and 
reirderpretation of analytical results 
from the laboratory or the ptuject 
chemist. 

Request additional sample I 

collection and analysis for site or 
background characterization. 

Model potential impact on risk 
assessment uncertainty using 
sensitivity analysis to determine 
range of effect. 

Adjust or impute data based on 
approved default oMons and 
imputation routines. 

Qualify or reject data for use in risk 
assessment. 

I 

1 .  

2 1 a z a z  

Using a worksheet to organila the data assesaaent. 
lhelevelofcertarntyassociatedwththedatacomponen1 
of risk assessment depends on the amount of data that 
meet performance objectives. The risk assessor 
&tennines whether the data for each performance 
memre are satisfactory (data acceped). questionable 
(data qualified) or unsatisfactoq (data rejected). The 
worksheet provided in this chapter may be used as a 

Use the Data Useability Worksheet, Exhibit 63. to 
. document data assessment decisions. Record the 

decision as accepted. accepted with qualifrcaton. or 
rejected for use in the risk assessment for eacb data 

guide or orgmizaud tool. 
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UOHUBOT 63. DATA USEABULCW WORKSHED 
(Cont d) 

- 
VI 

- 
Decision: Accept O u a l i i  Accept Reject 

useability criterion. Outline the justifiion for each 
decision in the coxxunents &on. 

The remainder of this chapter explains bow to assess 
clata using the data useability criteria Assessment of 
Criterion I involves identifying the data and 
documentation required for risk assessment (Section 
5.1). Assessnent of Criteria II through V examines 
available dam and results in tenns of the assessment of 

datauseability criferiafordoannenration (Sectia 5.2). 
data sources (Section 5.3). analytical method and 
detection limit (Section 5.4). and data xeview (Seaion 
5.5). Criterion VI includes the assessnent of sampling 
and analytical performance (Section 5.6) according to 
five data quality indicators: completeness. 
comparability, represenrativeness. precision, and 
acMyy. 
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5.1 ASSESSMErn OF cmso0M I: 
IREPORTS TO RISK ASSESSOR 

FAdconditions formediaandeovkoxtmeniromnent 

0 Prclimrnaryrepom. 

0 Meteorologimidara. 

Fieldrepom. 

Dataanddoclmrentatian spppliedtotheriskassesax 
m u s t b e e v a i u a r w i f o r c a m p l e t e n e s s a r d ~ ~ ,  
andtodetarmne . ifanychangesweremadetothework 
pian or the sampling and analysis plan (SAP) during the 
courseofthework TheSAPdiscllsses the sampling 
andanalyacaIdesignandcoMainstbequali~assraaace 
projectplan anddamqualityobjeccicrives @Qos), ifthey 
have been developed. The risk assessor sbauld receive 
preluninary and final dararepws as described in the 
following secrim. 

5.1. ll Prehinary RepoPas 
rt Use preliminary data as a basis for 
identifying sampling or analysis defkiemks 
and taking corrBctivB action. 

pleliminaryanalyticaldararepotsailowtbe~assessar 
tohepassesmrartasscxlnastbesampiing andanalysis 
effort has begun. ?bese initial reports have rhree 
fun- 

* ' I h e r i s k a s s e s s m c a n b e g i n t o ~  * t h e  
baselhe risk -an the basis of aQpal 
darachamcak * ofintaestwinbeidentifiedand 
the variability inconcenoation ca kestimated. 

Fbtentialproblemsinsampiingmapalysiscanbe 
idenrifiedandtheneedfarcormuve aaioIlcaabe 
assessed. Forexam*additionaasamplesmaybe 
rcquireQ or the method may need to be modified 
~ofmavix in ter f t t ences .  

5.4.2 Ens! Report 
ca Problems in data useabiljty due fo sam- 

. pling usually can affect all chemicals 
involved in the rid asseumenc problem 
due to analysis may only affsct Speciric 
chemicak. 

~ n t i n i m m d a t a ~ a n d d o a a m c n ~ ~  
topreparetheriskassesnmtare: 

0 Adescriptiondtbe site. inciUaing aderaikdmap 
sbowingthtlocatianofeaehsampie,~urKling 
strucmres,ocrrainfea~,ncep~populatiaaJ. 
indicationsof a i r d  waterflow, audadescriptioa 
oftheopelativeindustrial aocess Cd any). 

Adesaiptionaodrationaleforthesampling design 
andsampiingpxtxedurrs. 
A desaiption ofthe analytical metbods used, 

* Resa)tsfireachaualyteandeaCB~quulifial 
foraaalyticallandafulldescriptianof 
aIl deviations bnn Soh. SAPS, and QA plans. 

SampleqLlaWiwh limits (SQLs) and derprcinn 
l i m i L s f o r ~ c i e t e c t e d ~ ~ . w i c h a n ~  
of the detection limits reported and any 
qualif1Catians. 

A narrativeexplanation of the level of daranviear 
usedandthereSu1tingd;rtaq~ lIEnarrative 
should irulicate tbe direction of bias, based ai rbe 
asesment of the results from QC samples (e.g.. 
blanks and fEld and labommy spikes), and 

9 Acbuiptimoffieldconditionsandphysical 
parameta data as appropriate fop the mcdia 

Itmaynot be possible toperfonn a quanritacivebasehe 

andcannotbeobtained TheRPMmriskasessor 
sbould aQemFt toremeve missing deiivembles from the 

mw1ved in theexposrtre assesgllclll 

riskassessmentifanyofthesematerialfarenotavailable 

source. 

Additional reports and data that are useful to the risk 
assessor. such as dam results on Contract Labmamy 
Progr;nn(CLP)~afel iSt#l inExhibit  19. Access 
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Minimum Requbammts 

Sampledtsnlatedtogeographiclocation 
( c tAa in4fu l scodya  sops fitldmd 
 analytical^). 

Threttypesofdocmnentatiaamustbeassessed: chain- 
of-custociy records. SOPS. and field and analytical 
records. c h a i w f - c u s t c d y r e c o r d s f o r r i s k ~  
mustdoamentthesampklacationsaadtbedaoeof 
sampling so that sample results can be nlated to 
geograFhiclocatianandspe&csampleoantainers.Ifa 
s a m p l e d t  cannot be related to asampling date and 
tbe point of sample mlleaion, the resuluareunuseable 

anaiysis)arerequiredf~enforcanmtorcostrecovery. 

SORdesaibeand SFecify the proceduRs to be followed 
duringsamplingandanalysis. TheyareQA pmcedms 
that increase the probability thatadatacollectian design 
win be properly implemented. SOPS also haease 
consistency in performmg tasks and, as a result, 
determme the level of systematic e m r  and reduce the 
random e m r  associated with sampling and analysis. 
Knowledge that SOPS were developed and followed 
increases confidence that the quahy of data can be 
dttamined aadthe level of cerfainty innsit assessment 
can be established. The nism& of SOPS for eacb 
pmcess or activity involved in dara collection is not a 
mmmm requmment, but SOPS can be useful if data 
problems occur. particularly in assessing the 

Field and analytical records document the pmcedures 
followed and the conditions of the Frocedrpes. Feld 
and analyhcal records, such as field logs and raw 
insuument outpa may be useful tD the riskassesor as 
--UP - 'a& but hey are not minlrrmm 
requirements. Qc dam from blanks. spikes, duplicates, 
replicates. and standards should also be accessible. in 
either raw or summary formats. to support qualitative or 
quanritatin assessznents of the analytical results. Lilte 
SO?%.suchrecordsarecxiticaltoresolvingpmblemsin 
interptation, but they may not directly affect the level 

for quantitative M Full scale chainof- 
custody p m  (kom sample Collectianr through 

comparability of data sets. 
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of certainty of the risk assessment Minim= . 

61. 
lepimcnts faa rhrnrmnrtarinn Bn listed in Exhibit 

5.3 ASSESSMENT OF CRITERION 1110: 
DATA SOURCES 

D a m ~ a r r e m n c n t i n v o l v c s t b e e v a l ~ ~ u s e  
ofhistaricaandandtanalyticaldata mtolical 
~datasbouldbetvaiparedaccolding cdata 
quality indiams and not source (e.g., analyacal 
p!mocols may have dumged sipificautly over time). 

Tke minimmn analytical data requiffment for risk 
nnwanrntisisthatresultsarepmducedfar&mrAinm 
w i t h i n a n ~ a r e a u s i n g a b m d ~ a n a l y u c a l  
~auc,sucbasGc-Msme~forarganicanalyocs  
OT IB for irmganic arralyots. The useability of data 
will aImost always increase as mare broad specpmn 
a n a l y s e s a r e p a f Q m e d f o r e e e h ~ a r e a n l e  
absara of a broad spectmm analysis Erom a fksd 
laboratory rcsnlls in an mueased pbabiby of false 
negatives: all chemcah . of potcndalconaematthesite 
may not be identified. In the absence of a brad 
specamnanalysis. the best corrective action is to* 
addiaonal samples. If addit id  samples mnnat be 

positives ShOuM be Oonsidered high. and the level of 
cenaintyof the risk -t isdecrtased 

The broadspecmnn analysis. and any othaanalyrical 
data aresubJeatothe basic docmnenration anddam 
Rviewrequirerneatsdiscussed mthischapm. The 
l ~ ~ o f ~ e ~ ~ ~ ~ ~ m ~ t b e ~ o ~ a s ~  
as the method and SQL achieved for analyucal resolu. 
Guidance for the assessment of analytical dam to 
determine false positives and false negatives and the 
precision and aoarracy of c4mcmaation d u  is 
provided in Section 5.6.1. 

Field measurements of physical characteristics of the 
site,medirrm, orcmtadnationsolPceareacriticaldata 
source, whose omission can sipikantly affect the 
ability of the xisk assessot to perfom a qluurtitarive 
assessment Physicalsiteinformationisalsorequiredto 
perfan~fareandaansprtmodeling.Examples 

obraineQ the probabiUy of false negachsand false 



of such data are particle size, pR clay cOntent aud 
prosity of soils. wind direction and speed topography, 
and percent vegetation. RAGS, Part A Exhibit 4-2, 
"Examples of Modeling Parameters for Which 
Infomation May Need m be Obtained During a Site 
Samplinghvesigaticm," (EPA 1989a)prwidesalistof 
dataelemepltsaaxrdingtomediummodeiingcategory. 
'Ihese~tsmustbecolleaeddnaingslampling. 
The use of default Options and routines to &mate 
missingvaluesallmthepseofthemaQlbutinaases 
&-- . witbtheexpaarre-rs. 

5.4 ASSESSMENT OF CRRTERIQN UW 
BPuIALYTlCAL METHOD AND 
DFECTIQRB UMBT 

Minimum Requirements 

0 Routine (federally donrmented) mahods 
used to analyze chemicals of potential 
f x m m  m critical ~ l e s .  

The I& assesor compares SQLs or method detection 

their consequence given the concentration of amcua. 

opportunrty to review the detectton limits early and 
resolve any problems. When a rhemial of potential 
concern is rqKlnedas notderected the nsult can only 
beusedwithco&Jemxifthequa&ahlk.&~ 
are lower than the corresponding amcentration of 
concern. The minimum recommended requirement is 
that the MDL be no more rhan 2096 of the concenrration 
of ccmcere so that the SQL will also be below the 
concenaacum of concern. Chermcals identified above 
this rat10 of detection limit to concenaation of concem 

concentration of concern for arsenic in groundwater is 
70 ug/L for an average daily consumption of 2 L of 
water by a 70 kg adult the detection &mit of a suitable 
metbod for examination of groundwater samples from 
suchasiteshouldbenogreaterthan 14ug/L. Minimum 
requirements foranalyhcalmethodsanddetection limits 
are listed in Exhibit 61. 

If rbe conceatration ofcmcemis less tban or equal to the 
Jeteztion limit and the chemicai of concern is not 

*detected donot use zero m the calculation of the 
concentration term. When the MDL reponed for an 
analyte is near to the cmcenaation of concern, the 
confidence in both identification and quantiration may 
be low. This is iIlusaated m Exhibit 64. Infcnmatjm 
ooncemingnoo-detecuordctecti~atarneardetection 

huts  (MDLs)wifhanalyte-specifu:Rsaltstode~ 

Assessment of pelirmaary datareponsprovidcsan 

canbepsedwithgoodcDnfidence. Forexampkifthe 

5.5 ASSESSMENT OF CWERBOM W: 
DATA REVIEW 

Definedlevelofdamreviewforalldata 

Data review asseses the quality of analytical results 
andispexfoxmed by aprafessional with ahowledge of 
tbeanaly?icalpmc&xes. Therequirementforrisk 
asesment is that only data rhathave been reviewed 
acaxdhg m a w e d  level or pian wil l  be usedin the 

. .  &kasscssment Anyanalyticalerrors,or q- 
limitations m data that are identified by thereview, must 
~benotedinthe&kassessnentifthedaraareused. An 
exphation for qualifks txsed must be included with 
thereviewreport. 

All data should receive some level of review. 7he risk 
asses so^ may receive data prior to the quautitative 
baselineriskassesmntthatwerenotreviewed. Data 
thathvenotbeenreviewedmustbeidentifieJbecause 
thc lackofreviewkueases the uncertainty fortherisk 
assesg~lcllt These data may lead to false positive or 
false negative assessments and quantitation emrrs. 

and calculatio nerrors. Datamaybeusedinthe 
preliminary asssmem befcue review. but must be 
reviewediuapdemmd * level beforeuse m the fmal 
risk assesmat. 

Depending upon dam userrequiffments. the level and 
depth of the data review are variable. The level and 

planning process and must include an emmixmion of 
labomnyandmethodpafoxmanceforthesamplesaod 
analytes involved This examination includes: 

unreviewed data may ais0 contain aaascription errms 

depth of the data review may be determined during the 

Evalnatian of data completeness. 

0 Verification of instrument calibmaon. 

Measurement of laboratory precision using 
duplicates; measurement of laboratory accuracy 
using spikes. 

Examination of blanks for contamination. 
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EXHlBK 64. RELATIVE IMPORTANCE OF DETECTION LlMK 
ANID COMCEWTRATlONi OF CONCERN: DATA ASSESSMEN" 

AssessmentofadherewxtometbodspedficaLlons 

* Evaluation of method performance in the sample 

andQClimits.and 

matrix. 

S p e c i f i c d a r a r e v i e w ~ a r e  depemknt upon the 
method and dam user requirements. Section 5.6.1 
derails prodmes for evaluating QC samples for 
laboratoryand~periarmance. CLPdatareView 
procechPes8reperfaamedaccordingtoaiteriaoutlined 
in National Fmwnal Guidelines for Organ~c Data 
Review CEPA 1991e) andtaboratory Data Volidatron: 
Funciional Guidelines for Evaluatmg Inorganrcs 
Analyses E P A  1988e). Minimam requirements for 
data review are listed in Exhibit 61. 

-wof 
False Positives and 

False N- 

Non-Deteas Not 
Useable 

Detects Useable 

PossiMI!y of False 
INegatives 

5.6 ASSESSMENT OF CRITERION WO: 
1DATA QLDALBTY INDICATORS 

Minimum Requirements 

Sampling variability quantitated for eacb 
a=lYte. 

9 QC samples required to identify and 
quantitatepedsionandaccraacy. 

Sampling and analytical precision and 
accuracv auantitated. 

~~ 

'Ihe assessment of data quality indicators presented in 
I h ~ s  chapter is significant to &tennine data useability. 
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EXHIBIT 65. CONSEQUENCES OF ALTERNATUVE SAMPUMG 
STRATEGIES OW TOTAL ERROR ESTIMATE 
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B Oualified data can usually be used for 
quantitative risk assessments. 

, 

A summary of tbe minimum requirements for data 
quality indicators is presented in Exhibit 61, and the 
evaluation process is illusuated in Exbibit 65. Speclfie 
requmments for each indicator are presented in the 
followlng sections. 

EXHIBIT 66. USE OF QUALITY CONTROL DATA FOR RISK ASSESSMENT 



Minimum Requirements 
for Completeness 

0 Percentage of sample 
completeness determined 
during planning to meet 
specified performance 
measures. 

0 100% of all data for analytes 
in critical samples (a least 
one sample per medium per 
exposure area). 

0 All' data from critical samples 
considered crucial. 
Background samples and 
broad spectrum anaiyses are 
usually critical. 

Impme! When Minimum 
Requiramnts Are Not Met 

0 Hqher prohabiiity of false 
negatives. 

Reduction inl confidence 
level and power. 

A reduction in the number of 
sampies reduces site 
coverage and may affect 
representativeness. Data for 
critical samples have 
significantly more impact 
than incomplete data for 
noncritical samples. 

Useabiti of 'data is 
decreased for critical 
Samples. 

Useabilii of data is 
potentially decreased for 
noncritical samples. 

0 Reduced ability to 
differentiate site levels from 
background 

Conecthre Action 

0 Resampling or Ireanalysis to 
fill data gaps. 

0 Additional analysis of 
samples already at 
iaboratoty. 

0 Determine whether the 
missing data are crucial to 
the risk assessment (Le.. 
data from critical samples). 

0 Impact of incompieteness 
generally decreases as the 
number of samples 
increases. 

I 

I 

P 

I 
I 
I 
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eAnaiupare aheneedro combine date h m  
diffiuent sampling events andor different 
anaiyrid methods. 

Camparabiiity is a very importam qualitative dam 
indigan for analytical assessmtllt and is a uirical 

Minlmum Requirements 
for Comparabity 

= Unbiased sampling design or 
documented reasons for 
selecting another sampling 
design. 

= The analytical methods used 
must have common analytical 
parameters. 

Same units of measure used 
in reporting. 

0 Similar detmsion limits. 

0 Equivalentsample 
preparation techniques. 

lmped When Minimum 
Raqulremanta, Am Mot Met 

Noreadditivity of sample 
results. 

= Reduced confidence. power. 
and ability to detect 
differences, given the 
number of samples 
available. 

Increased overall error. 

For Sampling: 

* Statistical analysis of effects 
of bias. 

For Analytical Data: 

0 Preferentialiy use those data 
that provide the most 
definitive identification and 
quantitation ol the chemicals 
of potential concam. For 
organic c h e w  
identification. GCMS dasa 
are preferred over GC data 
generated with other 
detectors. For quantitation. 
examine the precision and 
accuracy data along with the 
reponed detemon limits. 

= Reanatysis using comparable 
methods. 

21-4112 



?or Repmmntalveneaa 
Impact Whan Mnlmum 1 

Requlmmetnta Am Nct Mat 

Bas high or low in esbmate 
of RUE. 

lnaeased likelihood of false 
negaoves. 

Comcthm AcUon 

0 Addtmnalsampbng. 

ExaminattonOreffectsol 
sample preparation 
procedures. 

Remeirung data may no 
llwrger sumpenay replfisant 
the ata i? a large portion of 
thta data are rqeded. or il all 
d a t a t r o m ~ a s  
sample0 at a spectlic location 
am myected. 

site asseQsment NPOR what 
areas ot the site am not 
represented due to poor 
qus#ty of analybcal data. 
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Minimum Requirements 
for Preclslon 1 

I 
I 

1 
I 
I 
I 
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Impad When Minimum 
Requl~ntsAreFdotRaeu 

I 
S 

more as spectied in the SAP. 

B Determine the distribution of the data 
behre applying datisticai memres. 

- Confidence level of 8O?h (or 
as specified in Oaos). 

0 Power of 90% (or as specified 
in Oaos). 

0 Analyt~cal duplicates and 
splits as specrid. in the SAP. 

Measurement error specified. 

0 Errors in decisions tu act or 
not act based on analybcal 
data. 

Unacceptable level of 
uncsrtainty. 

0 Increased variability of 
quantitative results. 

False negatives for 
measurements near the 
detection limits. 

Correcthre Actlon 

For Sampling: 

Addlsamples based on 
information from available 
data that are known to be 
representative. 

= Adjust performance 
objectives. 

For Analysis 

0 Analysis of new duplicate 
samples. 

0 Review laboratory protocols 
to ensure comparability. 

0 Use precision measure- 
ments to determine 
confidence limits for the 
effects on the data. 

0 The risk assessor can use 
the maximum sample results 
to set an upper bound on the 
uncertainty m the risk 
assessment i f  there is too 
much variability in the 
analyses. 
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EXHIBIT 67. STEPS TO ASSESS SAMPUN6 PERFORMANCE 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

1'0. 

Confirm statkhl  assumptions. 

Summsriza analyte detestion data by strata: media within site 01 site subgroups 
and strata within media. 

Transform analyte concentration data so distribution is approximately normal. 

celculate the coefficient of variation for each analyte detected. 

Using Exhibit 47 'Relationships Between Measures of Statistical Performance 
and Number of Samples Required' look up the range of power, confidence 
level and minimal detedable relative differences for the calculated 
coefficient of variation. 

Compare the statistical performance measum required to those achievable 
given the coefficient of variation and sample size. 

If ?he performance objectives are achieved, go to Step 9. 

If the required statistical performance levels are not met, then additional samples 
must be taken or one or more of the performance parameters must be changed. 

If samples are to be added. Exhibit 47 and the calculation formulas in Appendix 
IV can be used to determine the number needed. 

If the performance parameters are to be changed, the parameter to be changed 
should be the one which will increase the probability of taking unnecessary 
action as opposed to unnecessary risk 

Examine the results of the QC samples. Sample results must be considered to 
be qualitative if no results are available for QC samples. 

If the QC sample results indicate possible bias through contamination, take 
appropriate corrective actton. 

each chemicaJ of prential amcem. n e  RPM or risk 
assessor sbouid discuss the implications of these 
assumptions with a statistician to determine their 
potenrial impaas on dam oseabdity. 

GP Determine the statistical measures of 
performance most applicable to site 
conditions before assessing data useability. 

Once the Statistical assranptions and observed analyte 
variability are known, selected stnistical performance 
measurescankassessedtodetexminethedaraquality 
achieved. Additional samples may be needed. or 
modified DQOs require4 as a resplt of evaluating 

sampling variability. Three issues are involved in the 
assessment of required statistical perfommx 

Powe!r,and 

Mi- detectable relative difference. 

The required level for each of these performance 
measures should be included in the S A P  as DQOs. The 
user's dam q d i t y  requirements defined by these 
statistical measmes & m i n e  the number of samples 
that are taken during data collection. Recommended 
minimum statistical performance parameters for 
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I 
I 
I 
1 
m 
I 

8 
1 
I 
I 
8 
E 

confidence 1level: ' 
8% minimum. reject nuU when tnn, (taka 
unnecessary action). 

Pawer: 
QPA minimum. acwpt null whan false (fail to 
take action when action is required). 

2 

Minimum daectable relative dHerence: 
10% - 20%. usually depends on concentration 
of contern. I 

1 (1 -false positive estimate) or (1 u). 
1 2 (1-false negative estimate) or (I 4). I 

Fmt. summarize the sample results at the anal- level 
bysaaannandsaatawithmmediatodetermjnewhether 
the perfcmance objeztives have been met. Sampling 
m r  is not relevant if a particular combination of 
stratum and analyte yields only a single data pint In 

far tbat stratum and analyte mmbination. 

The distribution for stratum and analyte combinations 
with mulripie data pints should usually be examined 
for normality and uansfolmed to log normal. The 
coeficient of variation is calculated for each stratum 
and analye combiaation. If the distribution resulting 
from the transformation is not normal, a new 
& m i  model will neexi to be identifkd and 
validated in consultation with a statistician. Non- 
prameaic pcedwes which require no distributional 
~ p t i O I l S ~ ~ a i S O b e u s e d  

C o n v e r s e l y . t h e s t a t i s t i ~ ~ ~ ~ ~ e v ~ c a n ~  
demmined, given the cOefficient of variation. Tbis 
performane should be compared to the requvements 
stated in planning. If the performance objectives are 
~wedtheriskassessarcan~totheassessnent 
of measurement error. 

that case,assessnentproceeds tottlat0fanalytkaI~ 
wbereR, and& arethe~sulu from the first andsecond 
duplicate samples, nspecciveiy. Precision is a measure 
of the repeatability of a single measurement and is 
evalnated from the results of duplicate samples ami 
Splits. 

Low precision can be caused by poor insrMnent 
perfonnance. inconsistent application of method 
protocols.orbyadifficult heterogeneoussamplemaak. 
The last effect can be distinguished from the others by 
evaluation of laboratory QC data. 

Ifsplitsampieshavebeenanaiytedby differentmethods 
O r d i E e r e I I t ~  ' thendatausershaveameasure 
of the quality of individual techniques. splits are 
pticuhrlye€feztivewhenonelabaratoryisareference 
labokatory. Ifbthsersofdataexhibit thesameproblems. 
thenlaboratory perf-carr usually be ruled outs 
asourceoferror. Splitsarealsousefulwhenusmgnon- 
mutine methods or comparing results from diffemlt 
analytical methods. 



Minimum Requirements 
for Accuracy 

I Impact When Minimum Comahr% Action 
Requirements Are Not Med 

* Consider resampling at 
affected locations. 

* Feld spikes to assess 
accrrracy of non-deteas and 
positive sample resub if 
specified in the SAP. I 

* Analytrcalspikesas 
specified in the SAP. 

* Use analytical methods 
(routine methods whenever 
possible) that specify 
expected or required 
recovery ranges wing 

meeSUreS. 
spikes or o;her QC I 

* ~othemica~~ofpotentia~ 1 
concern detected in the 
blank 

* No conection factor is 
applied to CLP data on the 
basis of the pereent rawvery 
in calculating the analyte 
concentration. 

* Increased potential for fabe 
negatives. If spika mcovery 
k low. it is probable that the 

low for that analyte and 
values of all related samples 
may underestimate the 
actual concentration. 

Increased potential for false 
positives. IH spike recovery 
exceeds 10W0. interferences 
may be present and it is 
probable that the method or 
analysis is biased high. 
Analytical results 
overestimate the true 
concentration of the spiked 
andyte. 

method or analysis is biased 

I 

* If recoveries are exaem~ly 
low or extremely high, the 
risk assessor should consult 
with an analytdchemistto 
identify a more appropriate 
method for reanalysis of the 
SaWleS. 



Blanks= of-- forme -Of- 
involved in sampling kcause d the ditfintlev in 
pafomhgw-dk-of- 
i e famoesmdaTdsandmaaix for~  * 

mts6rambladcsabeosedtocsimntr:thcexlux =- Ofhighbissinmermuof 
~ s h o l l l d b e i m ~ m p a v a u t h e  

. .  

assignment of false positive value due to blank 

0 IfmemdblanLSafe e d d t b e  
laboratoly~anaos~RPMQrriskaapr_ficar 
CBILarndladCtbat - - -  oaaxedpiorm 
r e c e i p c d t b e t m n p k s b y t b e ~ .  If* 

is S i g a i c m  ( i i  it wg i n d u e  conmnmaaon 
ariththecr -, - - d*),- 
MBffecIledlocatians. 

0 Ifit is not possible toresample, them arrisk 
asssommsJsesstheeffeaofthewn- 

can be made by examhing data 

blanksshowtbesamelevelofawchemic4 

. .  

. .  

m&epotartialforfalsepmitives. oftearhis 

frcnnsampleslOcatednearby. Ifallsampbaed 

rbeprrsenceofthechrrraillalinthesampbis~t 
i i l c e l y d u e t o c o n ~ a n .  

e IfthtlaborataryblanLsareccmtaminated the 
laboratory should be required to rerun the 
associatedaualyses.Thisises~yimpowat 
in the case of critical analytes or samples. Before 
reanalyses. the laboratory must demonstrate 
freedoan from ~~llmmhatkm by providing results 
ofacleanhboratorybhnk Note:Iflaboratory 
blanksareammminam%fieldblankswillgeneraUy 
also be con-. 

e Ifreanalysisisnotpssible, then the sample data 
must be qualifirrl. lEe Functional Guidelines 
provide examples of blank qualificauon. 

below the acricm level defined in the Funuioual 
GPidelinesareconsideredandetected. 

Data qd6fiers. All data generated by the routine 
analyucalsaviQsoftheCLParereviewedandqualifii 
byRegionalreplesentativcsaccardingtotheguidelims 
foundin theFmcthal Guideiines as modified to futhe 
reqrriremarn of the individual Regions. 

GP Use data qwlitied as U or J for risk 
assessment purposes. 

A n a l y ~ s  qualif'ied with a U are considered 'hot 
detected" I f ~ o n a n d a c a p a c Y a r e ~ ~ l e ( a s  
determined by the QC samples). dafaare entered in the 
dataS~rablesinthedatavalidatianXepltaSthe 

chemiasderectedintheassaaated . samples 

SQLurcmcctalqnaatitatimlimitWLconeabdfar 
dilption andpenxotmoistlrre). andqpalifiedaritba U. 
N 0 a : m a t l b e ~ ~ ~ b e r c p a n e d r n t d e O e c t e d  
i n a ~ o f s a m p l e s a r d t ~ ~ ~  
o f s a z l l p l e ~ .  

Data qualified with an R are rejected because 
Ffl=== : x i n t h e ~ a r i n ~  
QCanalyseswerenotppet Farcxamp4ifamass 
s p e c m m z " m a e " i s a 0 t w i t h i n ~  neithu 
r b t ~ n n n O r ~ o f c h e m i r a L z a b e  
~ w i m r r m t ; l i m r r E x ~ y l a w r e c w a i e s o f  
a ~ m a s p i i r e d s a m p k ~ ~ ~ a n R  
d ~ f a r m a t c ? h r m i c a l i n a s w c i a o e d s a m p t e S  
~dtheliskOf~negarives(seeAppendixW. 

DaraquaWcdwith aJ present a m  complex issac. J- 
qprplificd data are cansidaed Mestinlaw- because 
qaantimion in the sample or in associated QC samples 
did not meet specifications. The jastificatian for 
q a a I i f y i n g t h e d a t a S b w l d b e ~ i n t h e ~  
qat D r a f c ~ a f t h e F ~ m c r i o d G ~  
pr0pClse-W ostifigtioo beincludedcmaqllliWer 
suppmary tabk submitredwitb the validationreport. 

Dam can be biased higb or low when q d f k d  as 
estimated' The bias can often be &rmnined by 
examinhgtheresultsoftheQcsamples. Forexample. 
i f m e r i n g  levelsof atlrminlpLlanfoaad in inorganic 
analysis of the interfereaae check sample. the sample 
resplts are probably biased high because the signal 
ovalapisaddedtotbesignalbeingreporoed. When 
volatile atganic compounds are qualified J for holding 
timeviolations.theresultsareusuallybiasedlowbeoursc 
some of the volatile c o m m  may have volarihed 
during storage. 

Dataassoaated . withcontaminated blanks are not 
axsiMestimatedandarenotflaggedJ. TEeprrscacc 
of the blank contamiuant chemical in tbe analytical 
samples is questionable at levels np to 5 to 10 times 
those foundin theblank depending on thenatureof thc 
analyte. Anaaionlevelisdemmmed . foregchclmnid 
basedonthequantityfoundintheblank. Daraabovethe 
actian level are accepted without qualificauon and data 
between the amuaanquired quantitarion limit (CRQL) 
and the action level are qualified U (undetected). 
E s t i m a t e d ~ c s a n d i n ~  datamat arebelow 
theCRQLorcontractrequireddetectionhit(cRDL) 
aquaiifredasuJ. nlisqtlaiifiersignifiesthatthe 
quanriLarian limit is esrimated because the QC nsults 
did notmeet uireria spcdfied in tht SAP. 
OtberqpalifiaSmaybeaddedmtheanalyticalQtaby 
thelabommy. Asetofquaiifier(orflags)hasbeen 
definedbytheCLPforusebythelabaratan 'estodenote 



5.6.2 Combining the A S S S S S ~ ~ B R ~  ob 
Sam@ing and hawk 

once thequalityofthe~linpeadanalysiseffmhas 
been asscscd using tbc f i le  data qpaliy wicaols, 
cambinethedtstodctamme . theovetallappecrment 
of a particuiariodicatol BQOSS sampiing and d y s i s .  
Combining tbe assessment for completeness, 
 call^, and reprtsentadveness is dknused in 
this.rrrinnasaqu&atilepmcedm.Statisricalnanrleir 
are availabie far ambining dara sets udh diffemt 
variabilityandhias. Theriskassessarshouldconsulta 
chemistorstaristicianifthemagninrdeoftbesampling 
andanalysiseffortwtheuseofaformalsrabtical 
meamexit of comparability. 

Tbebasicmadelforesimathg total variabilityaaoss 
samplingandaaalysisaunpo~is~mEx&i&it  
69. An example of a non-statistical appmach to 
combining theassessnent results is given inWbit70. 
Using this approach. eacb data quality indicator is 

EXHIBIT 69. BASIC MODEL FOR ESTIMATING 
TOTAL VARIABIUTY ACROSS SAMPUMG AND 

ANALYSIS COMPONENTS 

2 2 2 
=t = %+ 

where ut =totalvariability 

q,, = measurement variability 
u = population variability P 

2 2 2 2 2 2 
Sn, = =s .+% + &  + b a  + q J  

where as = sampling variability (standard deviation) 

a P handling, transportation and storage variability 

= preparation variability (subsamplig variability) 
aa = hboratory analytical variability 

% P between batch variability 

NOTE: It is assumed that the data are normally distributed or that a 
normalbing data transformation has been petfonned. 
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NOTE: It is assumed that the data are normally distributed or that a 
normalbing data transformation has been petfonned. 
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UOHUBlT 70. COMBINING D N A  QUALKY INQICAI'QRS FROM 
SUPLING AND ANALYSIS INTO A SUNGE ASSESSMENU 

OF UWCEbaTABN'W 

comparability I 

I 

, 

Representativeness 

Precision 

,"-'I [::I, 

Acanacy 

0 

The combination [NOMOI indicates that the data quality indicator will not affect the 
level of uncertainty in data useabilrty. 



If the asRsnmtpatmn is IyES/NO], the effecrs are 
disuibatcd BQms all c!Emlds . involved in the risk 

IftbepaaernisINo/yEs].theei€ecsare 
lcdized to thepartiuhchemicalaff~. 

Comparabnlity. Comparability problems in sampling 
mp4mrariiydPetocliEfenmsamplingdesignsaadtime 
periods. seasonalvaliaticmsareocatedlike~ 
variationsbecausetheriskasesmemiscalcuwdas 
nskovertime. Datacaubeaveragedandcmsideadas 
asmgiedaraset Faranaiyticaldatacmnlarability 
problems are relared primarily to the use of different 
methods and labaman 'cs. Apaaernof IyEs/YES] will 
lndicate t h a t t h e r i s k ~ w i l l b a v e  cons&dl e 
difficulty in combining tbe various dam sets into a 
srngle assesment of risk. In siaratians of p(Es/NO] or 
IrJOrcESl. tbe problem of sampling corn- is 
more di f f i i l t  to resolve. Models exst for detemmm B 
comparability between methods and integrating results 
across laboratories. These models involve the general 
s t a t l s t l a l a p p r o a c h t o d i g d a t a s e t s w i t h d i f f ~  
but known vanability and bias (Taylor 1987). 

. .  

I 
I 
I 
D 
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Application of Assessments 

The Dara Useability Worksheet (Exhibit 63) assists rhe 
nsk a~sessorin summarimg data quahty across the 

for ths chapw’s discussion of the impact of analyucal 
data quality on the level of certarnty of the risk 
aSSeSSmmt. 

vanous assessment phases. 'Ibis worksheet is the basis 

6.1 ASSESSMENT OF THE LEVEL OF 
CERTAINTY ASSOCIATED WRTW 
THE ANALITICAL DATA 

This section explains how to assess the level of 
confidenceinsamplingandanalyucalprocedrnesinthe 
context of the fom major decisions to be made by the 
riskassesscrwithenvhnmentalanalyhcaldara. Exhibits 
in thts section apply the data useability critena defined 
in Chapter 3 and appearing on the Data Useability 
Workshecf to these four decisions. Data useability 
cnfena affect the level of confidence involved m ea& 
decision. The level of ceminty in tbe data collection 
and evaluation componentofriskassessment affects the 
overall cenainty of the risk estimate. 

Robability of lake negatives. False negatives occur 
when chmicah of potential concern am presea but arc 

medmi. The probability of false negatives cau be 

review, sampling completeness, sampling 

precision and accuracy, and combmed error. 

mdeo#xbd by the SaulpliIlg design or b e  analytical 

d t t a m i n e d b y u s i n g t h e f o l l o a r i n g ~ ~ ~ r h e  
Darauseabiiity workshec analytical methods, data 

representativeness,analytrcii~leteness.~yucal 

Fake negatives can occur ifsampling is 
not representative, if detection iimits 8173 
above wnwntrations of concern, or ifspike 
recoveries am very low. 

samplingsaaIegieson~~theprobabilityoffalse 

t h e s i t e w e r e w t ~ ~ e d .  npeprobabiliryoffalse 
negatives if too few samples were Qkea or if sections of 

negativesincreasesifsampling of any expurepathway 
was not rrpresentative. 

KmwIedgeofaxdyte-~icdeceuionlimitsisaitical 
to determining the probability of false negatives. 
Recowry values from spikes, internal standards, 
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EXHIBUT 71. DATA USEABOLOTY CRITERDA AFFECTING 
COMfAMlNATUOOd PRESENCE 

1 
2!B 
2c 
3A 
4 
5 
@A 
@e 
(10 
6E 

whatcordaminis 
present rand at what 

levsls? 

s ~ ~ a n d s ~ m o n i t o r i D g c a m p o u n d s a r e l r s e d  
toassessthelevelofamnacyandp&ionin&xmny 
dataanddetermme . whetherthedeteaionlimitsstatedin 
theaaalyticaimrshrYtchaVebeenmet 

'Iheprobabilityoffaknegati~forananalyteis 
higb if the mmnmion of anacern is at orbelow 
the detection limit. This pmbabiIity should have 
beendonrmeateddraing phnning ifnoanalyacal 
methods were found with deteubn Iimirs below 
t h e c a n c e n o a t i o n o f c . I f t h e ~  
of amcun is very near rhe detectian limit a h h e  
uegarivecanocaabecause0f"drift"ininstnrmtnt 
response. This behavior may not be reflected ~I I  
data from spike recoveries or blanks. 

0 The probability of fMse negauves is low if spike 
recoveries are acceptable, or biased higb as 
docmncntedduringdatareview.andthedetection 
limits are below the concentration of concern for 
each analyte. 

T h e p l o b a b i l i t y o f f n e g a r i v e s i s ~ y & ~  
t O t h e ~ t o f b i a s i f ~ r e c o v e r i e s ~ b i a s e d  
1aWaad~~limits~belOWtheooncemratiOn 
ofconamforeachanalyte. Theeffectamore 
pronormcedthedDsertheconcenrrationofamcern 
is to the detection Iimia. 

The possibility of false negatives should be 
~evaluatedarheaeversampleexaacts&ve 
been highly diluted &e., diluted beyond normal 
merhodspeCifi-). 

Robability ob f a k  psitbes. False positives OCQP 
whenachemicalofooaccrnrsc&tenedbyimaaalytical 
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e False positives wn oacuc when blanks 
am wntamin8ted or spike recwenks am 
very high. 

sampiing awl analysis unanamtles I .  

of quality cunnal samples. Blank con- isthe 

AsdesaibedinChapter5,samplescanbecontaminsltPn 

the level and point of contaminariae sample matrix 
ixuaf~canalsocausefalsepositives. Highspikc 
recoveriesiodicatethatmatrixm~~hasoccurred. 

ctnmeuui with 
false positivescan be assessed by examining theresults 

most imporrant indicator ofprobability offalseposiw, 
partiarlary when~paniedbyhighspikerecoveries. 

duting sampling, storage. or analysis. Fidd and 
8 laboratory blanks identify this problem by detamrnm . .  

IhepmbabilityofEalsepositivesishighiftbe 
cbemicaofpotentiaIconcernhasbeendetr?npllm 
any blanks. False positives should be saspeacd 
for any sample value less than 5 times the blank 
amcenaation (10 times fop common laboratory 
a l n m  
with blankcont.ammatr 'onincreasethelikeiibood 

1. High spike recoveries combined 

of positives. 

* Ihe pmbability of a faise positive for an analyte is 

of potential amam rn deteaed in bladrs'and 
spike recovefies for the analyte are biased high. 

direaly related to theilmountofbias ifchemicais 



6.1.2 Am She Cosrcser~ons 
sflcie* Bifdeaent from 
BtaCkpMnd7 

Backgroandsampiesprov idebase lbe~Sto  
'UnL -gramd detembethedegreeof 

samples are colltcfcdand a n a l ~ f l x ~ m e d i ~  of 
concerninthesame~aslxilerOthersampsamplcs.Tbey 
requirr &e same degree of saality COIltrol and data 
review. Backgmmdsampksdifferiffaframbtbersamples 
in that the sampling points. as Mined in the sampling 
and analysis plan (SAP), are intended tobe in anarea 
t h a t h a s n a t b e e n e x p o s e d t o t b e s o r p c e a f ~ ~ .  
Hismical dam, when available, arepmhlarly useful 
m selecting sampling and analysis oechniques psed to 
demninetherepsman *vecmmNmhSof- 
ofporentialcwcerninbackgroundsampies. Hisoorical 
data can help to delinwte physical areas that are 
background aadpvide abasis for mnporal mds m 

Exhibit 72 lists the Criteria from the Data Useability 
Worksheet that affect this decision. 

As part of the rislcassessment process. the riskassessor 
must determine if background samples are 
uncontarmnared . Theentiredatacollectionprocesswill 
be simplified if chemicals of potential concern are not 
foundinback~samples .  Ifchemicalsofpotential 
concern are found in the background samples. the risk 
assessor must determine whether they are at naturally 

. .  

the concentration of chemicals of potential concern. 

* 

ocamhg levels, of antimpgenic origin, due to 
mtammawn during the sampling pmces& or are site 

Both naonally ocaxring chermcals * andanthropogmic 
chemicals have significance for risk assessment. 
NamraUyoacMing cbemicalsarethose expeaedara 
SiDeinthtlnhaendoflnnnrmioaueOce. Metalsalt 
naemany-n- - thatareoftealincludedin 
risk aualysis; they BIT ohar present in en- 
o p e d i a m ~ ~ . F a r e x a m p l e , s o 5 o f  
highorganic~suchashtrmPawooldhwealow 
cxmmmah ofme+aiP by weight while Soiis with a 
high day CQmem wuald mnlain bigher mefall levels. 
Autinqm@c ckmicah are in RAGS (EPA 
1 9 8 9 a ) a s ~ t h a t a r e ~ i n t h e e n V i r o n m e n t  
due to mm-mxk nan-site - (cg.. industry, 
amnmahilcp). chIlIc& - of aarhropogenic origin may 
include organic compounds such as phthalates 
@larcicipaJ),DDT.orpolycyciicamnafic hydrocartxars 
andbmganic- - such as lead (from automobile 
exhaust). Guidance highlights for background 

Q OrBglljCchffniatr of potential concern found in 
backgrormd samples should not be amsi&ed 
naturallyocaxring.'IheymaybepRsentbecause 
they are either site conraminants or are of 
anthropogenic origin. lhey also could be a resuh 
of con-on dining sampling. 

0 'he risk assessol may eliminate c h e m i i  from 
riskassessnentcaiculatirlatiansiftbeirconcenuations 
fauwithinnaanally oanring levelsandare belo&, 
thecancenrrationofamcem. 

ctnl~mofbackgroundsamplesismdicated 
ifcbenlidcoIlccwatioLlSarehigherrhan~ 
occming levels. SuQ mtimmacian may come 

. .  

- issllesforriskassessaeatare: 

 re site concentrations 1 
sufficiently difierent from 

' I  
~ background? 

I 

EXHIBIT 7 2  DATA USEABlLrW CRPBERIA AFFECTING 
BACKGROUND LEVEL COMPARISON 

Worksheet 
Ref ereince 

Data Usceability 
Criterion 

Data Collection and 
Evaluation Decision 

1 
2A 
3A 
6A 
6B 
6 0  
6E 

Reports to risk assessor 
Documentation (SAP) and historical data 
Data sources (analytical) 
Completeness (sampling) 
Comparability (analytical) 
Precision (analytical) 
Accuracy (sampling and analytical) 
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e Sratisrical analysis may detennine ifsire 
concentrations are significantly above 
background concentrations when the 
d h n c e s  are not obvious. 

6.1.3 Am All Exposram Pathways and 
Areas Udemtified and Examined? 

'Iheidentiflcafionand~ondaqxfflnepatbways 
is discussed in detail in RAGS. Exhibit 73 
thecritexiathartheriskassessormusfrmu,dctermine 
thepbablelevelofcertaintythatallexpasuRpathways 
and areas have been identified and examined. 

The nature of the exposureparhways and- to be 
exarmnedisaitical to thesekcionof asampling design 
and analyucal methods. If the pathways and areas art . .  not identified properly, the rrsulting &maexma on 
m a y b e ~ . ? h e r i s k a s s e s s o l s h o u l d & . -  . 
which pathways and a m s  are not adequately assessed 

aadduelmme tbee&ctoothcfiskassessnentifthey 
are cxcludcd hxn study. Gmdance highlights for 
exposure @way idemifhion for risk assessment 

0 Reumumd quisicion of additional samples 
fmnthel&eqmeJ y represented exposure 
pathway or area if feasible. (Sampling 

are: 

prestnted chapm 3 &Odd be 
* a. 

hlvcsri~w~compmer~oIlmOdcliag 
i s f e a s i b & i ~ l e s c a I m o t b e ~ ~  
fmnanirradequatelyrepresentedpatbwayorare!a 
Far example, airflow models could be used to 
estimate aanspolt dvohtile contaminaut~ if the 
conraarinarion of soil and water at a site is fully 
characterized but no air samples were obmed. 

0 Note m the report that the risk could not be 
dernmined for a pathway or- or use simple 
chemicaUphysical relationships to estimate 
exposmeifadditianalsamplescannot becollected 
hmaniuadeqinarlesuatelyrepaesentedpachwayandno 
pimnlarinn models are apprapaiat. For example, 
e q u i l i i  partition CoeffiCieLLIs can be used to 
esbate mov-t in the vadose zone of soil if 
iasuffiamt data exist m calibrate a groundwater 
aansportmodel. 

6.1.4 Am All Exposure Areas Fully 
ChamctePiZd? 

Assessing how we11 exposure areas have been 
charactaized involves evaluation of completeness, 

and sampling data quality indicauns. Exhibit 74 lists 
tbe criteria from the worksheet that affect this decision. 
To be fully chmcmd. . the exposure area must have 

comparabiiity,andrepresenrativenessaaoss~yucal 

EXHIBIT 73. DATA USEABOW CRERBA AFFECTBNG EXPOSURE 
PATHWAY AND EXPOSURE AREA EUWRINATUON 

Worksheet 
Reference 

Data Usmability 
Crbrion 

Data Collsction and 
Evaluation Decision 

1 
2A 
38 
6A 
6 8  

Reports to risk assessor - 
Documentation (SAP) 
Data SOUTCBS (non-analytical) 
Completeness (sampling) 
Comparability (sampling) 

Are all exposure 
pathways and areas 

identified and1 
examined? 
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-wPro~YsamFledB-dsptcenrm=lY= 
rnustalsahavebeenconduaedfarthemediaof~ 
a n d a a a l y t e - s p e d f i c m c t h o d s u s c d w h n ~ .  
Theunccrrainryind;uacollecrionandaaalysisdcpends 
on the evaluation of completeness, * *  and 
represenavcness as distussed mScaion5.6. Based 
011 these in-. the risk assessor should dererminc 
the magnitude ofthedfeaof daaconfidencc on the 
risk- G u i d a n a h i g b l i g h t s f o l ~  
of exposure areas for risk assessment are: 

. .  

1 
2A 
28 
2c 
3A 
38 
6A 
68 
6C 
6D 

. 

6.2 

The 

Reports to risk assessor 
I 

, I  Documentation (SAP) 
1 Documentation (SOPS) 

Documentation (field records) 
Data sources (analytical) 
Data sources (non-analytical) 
Completeness (sampling and analytical) 
Comparability (sampling and analytical) 
Representativeness (sampling and analytical) 
Precision (sampling) 

Use the data but note the level of confidence 

area if it is not signif=t. 

Statistical interpretation procedures (e.g.. 
SexKitiVily analysis)may be usedifthedidencc 
level associaed with data for an exposure area is 
significant but does not warrant nsarnpiing and 
reanalysis. 

Iftheuncertaintyassociaudwiththedataishi@. 
the nsk assessor may determine that an expstxe 
parhway or area is not fully char;lcterize d. 

~withassessnentoftheaffeufdeJqKmrre 

ASSESSMENT OF UNCERTAINTY 

LINE RISK ASSESSMENT FOR 
HUMAN HEALTH 
level of certainty in making each of the four 

ASSOCIATED WITH THE BASE- 

decisions discussed in Section 6.1 contributes to the 

overall unccrrainty in data collection and analysis 
c O m p e m s 0 f r i s k ~ ' i h e e r i t i c a i ~ i r r  
asscssixlg theeffax of unccnaiatyonthemvironmental 
amlytid data axnjronent of risk assessment is not that 
unaertaintyariso.butratherthattheriskassessorisable 
toqualify ;md/arquanalate theuncereinty so that the 
~ ~ c a n ~ i n f o l m e d d t d s i o n s .  The 
ccrrahcy levels for risk assesumt represented in 
Exhibit75, arc based 011 the ability to quantitate the 
unccrraintyinanalyticaldatacallectionandevaluation. 
However, data collection and evaluation is only one 
soureeofunceMinryinrheriskassessmenL ofher 
components of r&e risk asscsmmt process, such as 
toxidtyo€"hemlcllr - andurposureassumptiolu. 
idhence the forpdecisions OD be made and canuibute 
sipifhmly to the uncerpinty of the basehe risk 
-t 

n e  madt quantirarive level of risk asssment occm 
when the uncertainty in data can be determined 
quantitatively. The next level occurs when the 

impact of the mcertainty is assessed using sensitivity 
analysis. The lcast desirable sintation OCMS when the 
"certainty indatais unknown. Thissituation canoccur 
if the miuimum requirements given in Chapter 5 for the 
data useability crimia have not been achieved. 

UII- can k defamined qaaIitatively, or tbe 

SP The primary planning objective is that 
uncertainty levels are acceptable, known 
and quanrirarable, not that uncertainry be 
eliminated. 

EXHIBlT 74. DATA USEABILITY CRITERIA A F F E m N G  
EXPOSURE AREA CHARACTERIZATION 

I 
I Worksheet Data Useability 

Reference Criterion 

I 
I 
I 
B 
I 

Data Collection and 
Evaluation Decision 

Are all exposure areas 
fully characterized? 
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EXHOEIOV 75. UMCERTBBMW ON DATA COLLECTION AND EWALLPATlORI 
DECISIONS AFFECTS W E  CERTAINTY 

0FTD.IIE RISK ASSESSMENT 

what 

different from 
background? 

Are all exposure 

I andexammed? 

I 
I 

Are all 
exposure 
areas fully 

characterized? 

I 

I 

1 1  

I 

Exposure 
Assessment 

Toxicity 

I 

Risk 
Chaacterization 

Quantitative 
(uncertainty 

explicitly stated) 

!~ Quantitative 
I (uncertainty not 
I known) 

, 

i 

i 1 Quaiitative(no 
r uncertainty 
; estimate) 
I 
I 
i 

21 QozQn 
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APPENDIX I 
DSCRIPTION QF ORGANICS AND INORGANICS DATA REVIEW PACKAGES 

The porpose of Appendix I is to familiari?e the reader with a model for data revkw 
deliverable. This appendix consists of the following items: 

o A description of the data reporting format. 
o An example of a data review summary, and 
o Example data review forms. 

Please note that the example forms are designed for the validation of Contract 
Laboratory Program (CLP) data paclcages. An example form is included for each analytical 
fraction (volatiles, semivolatiles, pesticide/Aroclors and metals) and for saaxples from 
soil/sediment and aqueous matrices. These forms nevertheless include the necessary 
information for the review of most types of data (analytical results, sample 
quantitation/detedon limits, data qualifiers, e%.) not associated with the CLP. 

Whenever an analytical laboratory is requested to analyze field samples for a specific 
site, the RPM (in consultation with the technical project team) must ensure that the laboratory 
will provide adequate documentation to support all current and future uses of the data. 
Potential uses of the data can include data validation, monitoring, modeling, risk assessment, 
site characterization, Record of Decision defense, enforcement, and litigation. 

Data packages produced by analytical laboratories should contain all the documents that 
were produced or used by the laboratory for that particular analysis. The required documents 
should include a narrative (detailing the exact method performed, deviations from the method, 
problems encountered, and problem resolution), chain-of-custody records, laboratory logbook 
pages, and raw data and tabulated summary forms for all standards, quality control and field 
samples. 

The documents should be organized in a logical manner and the enure data package 
should be paginated. Generally, the laboratory should be required to produce a data package 
with documents ordered1 in the following manner 

1) Narrative 
2) Tabulated summary forms for laboratory standards and quality control samples 

(in chronological order by type of quality control sample/standard by date of 
analysis by instrument) 
Tabulated summary forms for field sample results (in increasing RAS, SAS, or 
project sample number order) 
Raw data for field samples (in increasing RAS, SAS, or project sample number 
order) 
Raw data for laboratory standards and quality control samples (in chronological 
order by type of quality control sample/standard by date of analysis by 
instrument) 

3) 

4 )  

5 )  

6 )  Laboratory logbook pages 
7) Chain-of-custody records 
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APPENDIX I (coadnued) 

It is often convenient to require that the laboratory data package resemble as closely as 
possible the data packages required by the current CLP RAS SOWS for organics and 
inorganics, that the tabulated summary forms provided in those SOWs be utilized and modified 
appropriately, and that the data qualifiers in those SOWs be applied to the data as appropriate. 
The following sections describe specific requirements for the content of each document 
conmined in the laborarory data package. 

NARRATIVE: 

A narrauve must be provided describing the analytical methods and exact procedures 
performed by the laboratory, as well as any deviations from the method. Problems 
encountered during analysis, problem resolution and any factors which may affect the validity 
of the data must be addressed. The narrative must include the laboratory name and RAS, 
SAS, or project sample numbers cross-referenced to the laboratory sample identification 
numbers, and must be signed and dated by the laboratory manager. 

Any telephone communications between the laboratory and sampling personnel (or other 
parties outside of the laboratory) to resolve sampling discrepancies or analytical problems must 
be documented in detail on telephone communication logs. Those telephone logs must 
explicitly detail the problems requiring resolution, the agreed to resolution, and the names and 
affiliations of the communicating parties. All telephone logs must be appended to the 
narrative . 

An example calculation of a positive hit and a detection/quantitation limit for each type 
of sample analysis must be provided. All equations, dilution factors and information required 
to reproduce the laboratory results must be provided. 

TABULATED SUMMARY FQRIWS: 

Laboratory Standards and Quality Control Samples 

Tabulated summary forms must be provided for all laboratory standards, tunes, blanks, 
duplicates, spikes, and any other types of laboratory quality control samples/standards. The 
tabulated summary forms must contain information pertinent to the type of laboratory quality 
control sample/standard which was analyzed. Typical entries include: concentrations spiked, 
concentrations detected, spike compound names, results of statistical calculations (%R, %D, 
RPD, RSD, CV, RRF, SD, etc.), sample identification numbers, dates/times of analysis, 
instrument IDS, lab file IDS. and QC limits. 

The exact format of each tabulated summary form will depend on the particular analysis 
method requested and the quality control procedures specified in that method. However, 
comprehensive tabulated summary forms must be prepared for all quality control 
samples/standards analyzed by the laboratory. For example, typical tabulated summary forms 
for volatile organics analyses include but are not limited to: 

Surrogate results Tabulate the sample identification numbers, surrogate compounds added, 
concentration added, percent recoveries, and QC limits for all standards, blanks, quality 
control samples and field samples. Flag outliers. 

Matrix spike and matrix spike duplicate results: Tabulate the matrix spike compounds added, 
concentration added, percent recoveries and relative percent differences for the spiked 
compounds, and QC limits. Flag outliers. List the sample identification numbers. Results for 
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all non-spike compounds must be tabulated on the form used to summarize field sample 
results. 

Method/laboratory blanks: Tabulate the sample idenMication numbers, lab file IDS, and time 
analyzed for field samples and mattiX spike samples which pertah to each blank on a separate 
form. The form must also contain the GC column, instrument ID, laboratory sample 
identification number. lab file ID, and d a t e / h e  of allWS.k for the blank itself. Results for 
each blank must also be tabulated on the form used to summaritP field sample results. 

Tuning results Tabulate the m/e, ion abundance criteria, and percent relative abundances and 
list the tune compound name, instrument ID, lab file ID, and date/time of injection which 
pertain to each tune analysis on a separate form. The form must also contain tabulated sample 
identification numbers, lab file IDS, and date/time of analysis for all field samples, matrix 
spike samples, blanks, and standards which pertah to that tune. Flag outliers. 

Initial calibration resuits Tabulate the target Compound names, relative response factors for 
each target and surrogate compound at each standard concentration, mean relative response 
factors and percent relative standard deviations for all target and surrogate compounds, and 
QC limits for each initial calibration on a separate form. The form must also contain the 
concentration of the calibration standards, instrument ID, lab file IDs, and dates/times of 
srandard analyses for that initial calibration. Flag outliers. 

Continuing calibration results: Tabulate the target compound names, mean relative response 
factors from initial calibration, relative response factors from continuing calibration, percent 
differences, and QC limits for all target and surrogate compounds for each continuing 
calibration on a separate form. The form must also contain the concentration of the 
continuing calibration standard, instrument ID, lab file ID, and dates/times of initial and 
continuing calibration standard analyses which pertain to that continuing calibration. Flag 
outliers. 

Internal standard results: Tabulate the sample identification numbers, internal standard 
compound names, QC limits, retention times and area counts of the quantitation ion for each 
internal standard compound in the continuing calibration standard and all field samples, 
matrix spike samples, and blanks which pertain to that continuing calibration on a separate 
form. The form must also contain the instrument ID, lab file ID, and date/time of continuing 
calibration standard analysis. Flag outliers. 

MDL study results: Tabulate the target compound names, concentrations spiked and detected 
for each MDL spike analysis, and the standard deviation and calculated MDL for each target 
compound. (Note: The narrative-must explain the MDL procedure utilized to generate the 
values. The formula and associated constant values utilized in the calculation of the MDL for 
each analyte must be provided. The column, instrument ID, trap composition, and operating 
conditions must be clearly displayed on the raw data.) 

Field Samples 

The exact format of the tabulated summary form for each field sample will depend on the 
particular analysis method requested. However, comprehensive tabulated summary forms must 
be prepared for each field sample analyzed by the laboratory. At  a minimum, the target 
compound names, concentration units, positive hits and numerical detectionlquantitation limits 
and any laboratory qualifier flags for each target compound must be tabulated on a separate 
form. Definitions must be provided for all qualifier flags used by the laboratory. For each 
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sample, the tabulated form must also contain the RAS, SAS, or project sample identirication 
number, laboratory name, laboratory sample ID, lab file ID, sample mamx type, and level of 
analysis (low, medium, high). The percent moisture/soW, weights and volumes of sample 
pregared/purged/ex~~d/digested/anald, initial and final extract/digest and extract 
clean-up volumes, injection volume, clean-ups performed, dilution factor, measured pH, and 
dates that sample was received/exaacted/digested/analyLed should be included as appropriate 
to the anaiysis method. 

RAW DATk 

Raw data must be provided by the laboratory for all laboratory quality control samples, 
blanks, spikes, duplicates, standards, and field samples. The exact format and content of the 
raw data will depend on the particular analysis method requested. However, any and all 
instrument printouts, strip chart recordings, chromatograms, quantitation reports, mass spectra 
and other types of raw data generated by the laboratory for a particular project must be 
provided in the data package. Typical raw data for organic GC/M analyses includes but is 
not limited to: 

0 Reconstructed total ion chromatograms, 

0 

0 

0 

Instrument quantitation reports containing the following information: 
laboratory sample identification number, RAS, SAS or project sample number, 
date and time of analysis, RT and/or scan number of quantitation ion with 
measured area, analyte concentration, copy of area table from data system, 
GC/MS instrument ID, lab file ID, column, trap composition, and operating 
conditions, 

Raw and enhanced mass spectra for all positive field sample results and daiiy 
continuing calibration standard reference spectra for all positive field sample 
results, 

Mass spectra and three library searched best-match mass spectra for all 
tentatively identified compounds reported, and 

0 Instrument normalized mass listing and the mass spectrum for each tune. 

Typical raw data for inorganic analyses includes but is not limited to: 

0 Instrument printouts and strip chart recordings containing the following 
information: laboratory sample identification number, RAS, SAS or project 
sample number, date and time of analysis, absorbance/emissions values, analyte 
concentration, instrument ID, lab file ID, and operating conditions, and 

0 Standard curve raw data, plotted standard curves, h e a r  regression equations, 
and correlation coefficients. 

LABORATQRYLOGBQOK PAGES: 

Copies of standards preparation logs, sample preparation/extraction/digestion logs, 
sample analysis run logs, personal logs, and any hand written project-specific notes must be 
included. The initial and final volumes of sample prepared/purged/extracted/digested, initial 

128 



final extract/digest and extract clean-up volumes, injection volumes, and dilution factors 
must be clearly labelled. 

All chain-of-custody records provided to the laboratory during sample shipment or 
generated by the laboratory during sample receipt, storage, preparation, and analysis must be 
included. Chain-Of-CPftDdy records include but are not limited to: signed and dated field 
chain-of-custody forms, signed and dated shipping airbib, sample tags, SAS packing lists, 
RAS Traffic Reports, internal laboratory receiving records, and intenid laboratory 
sample/extract/digest transfer records. 
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2. DATA REVIEW SUMMARY 

ORGANIC DATA SUAMARY FORMS UTILIZED 
BY REGION III IN THE CLP 

DATE : 

SUBJECT: 

FROM: 

TO: 

-0: 

Case cons is ted  of f o u r  (4 )  l o w  level w a t e r  and t w o  ( 2 )  low 
level s o i l  samples, s u b m i t t e d  f o r  . f u l l  organic analyses-  Included 
i n  t h i s  data set  w a s  one (1) equipment blank and one (1) t r i p  
blank. The trip blank was analyzed for volatiles only. The 
s a a p l e s  w e r e  analyzed as a Contrac t  Laboratory Program (CLP) 
Routine Analy t ica l  Serrice (RAS) . 
S-RY 

A l l  samples w e r e  success fu l ly  analyzed for all target compounds 
with the exception of 2-Butanone and 2-He%anone i n  the volati le 
f r a c t i o n -  
according to the Contract Laboratory Program (CLP) Routine 
Analytical Service (RAS) pro toco l .  

All remaining instnxment and m e t h o d  sensitivities were 

=OR PROBLEX 

The response fa.ctors (RF) fo r  2-Butanone and 2-Eexanone w e r e  less 
than 0 . 0 s  i n  one of the cont inuing  v o l a t i l e  c a l i b r a t i o n .  The 
q u a n t i t a t i o n  l i m i t s  for t h i s  compound in the affected samples 
w e r e  q u a l i f i e d  unreliable, "R", 
t h e  affected samples-) 

(See Table  I i n  Appendix F for 

HINOR PROBLEXS 

Several conpounds failed p r e c i s i o n  criteria for i n i t i a l  and/or 
continuing;.calibrations - Quan t i  t a t i o n  l i m i t s  and t h e  reporzed 
results for these compounds may be biased and, t h e r e f o r e ,  have 
been q u a l i f i e d  estimated, "UJ" and "J**, r e s p e c t i v e l y .  (See TaSle 
I i n  Appendix f for t h e  affected samples). 

1 
I 
E 
1 
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APPENDIX I (Coobinued) 

2. DATA REVIEW SUMMARY 

NOTES 
Page 2 of 3 

o The so i l  semivolatile nS/MSD ana lyses  were o r i g i n a l l y  
extracted W i t h i n  the technical and c o n t r a c t u a l  ho ld ing  
t i m e s .  
recoveries, and these reextractions were performed outside 
of holding ths. Surrogate recoveries w e r e  again outside 
of the QC limits, therefore, o r i g i n a l  sample results are 
being  reported. 

Re-extractions w e r e  requi red  because of surrogate 

o The maximum concent ra t ion  of compounds found in the t r i p  
blanks, field blanks, or m e t h o d  blanks are listed below- 
All samples w i t h  concen t r a t ions  of common laboratory 
con taminants less t h a n  ten times (c1OX) the blank 
concent ra t ion ,  and uncommon laboratory con tan inan t i  less 
than five times (<SX) the blank concen t r a t ion  have been 
qualified the data summary -le- (See Appendix F). 

Comoound, Concentration fuu/Ll 

Methylene chloride * 7 5  
Acetone * 9 J  

B i s  (2-ethylhexyl) p h t h a l a t e  * 10 J 

4 Common Laboratory Contaminant 

o The semivolatile MS/MSD analyses  had compounds other than  
the s p i k i n g  compounds present .  
results and p r e c i s i o n  estimates for the 
compounds : 

The fol lowing is a table of 
non-spiked 

MS/wSD Non-SDiked Comoounds 
Concentration fuu/Ll 

Comoound - % R S D  

Phenanthrene 
Fluoran'dene 
Benzo (a) anthracene 
Chrysene 
B i s  (2-ethylhexyl) p h t h a l a t e  
Benzo (b) pgrene 
Benzo (k) pyrene 
Benzo (a )  pyrene 

150 J 190 z 
3 4 0  J 4 7 0  J 
290 J 310 J 
290 J 330 J 
160 J 200 s 
190 J 240 3 
230 J 200 3 
2 4 0  J 140 3 

RSD= Relat ive Standard Deviation 

13 1 

140 J 16.5 
4 4 0  J 16.3 
320 'J 5 . 0  
300 J 6 . 6  
2 4 0  J 2 0 . 0  
240 J 12.s 
220 J 7.1 
2 4 0  J 1 2 . 4  



APPENDIX I (Codaad) 

2. DATA REVIEW SUMMARY 

Page 3 o f  3 

o The pesticide/PCa analyses of all soil scsples and associated 
QC samples had surrogate recoveries in excess of the QC limit. 
Since no positive results were reported for any pesticide or 
PCB conrpounds for any of the sznples in t h i s  case no data n s  
affected. (See Appendix F). 

o The reported Tentatively Identified Corppcunds (TIC'S) in 
Appendix D have been reviewed a d  accepted or corrected. 

o All data for Case 
Functional G u i d e l i n e s  for htalttathg orguric Analyses With 
amdifications f o r  use within Region 111. The text of this 
report addresses only those problems affecting usability. 

were reviewed in accordance with the 

APPENDIX A -'Glossary of Data Qualifiers 
APPENDIX B - Data S-. These'include: 

(a) All positive results for tawet ccxpounds with 
qualifier codes where appl iccble .  

(b) A l l  unusable detection limits (qurlified wRw) .  
APPENDIX C - Results as Reported by the Lsbcratory for All 

APPENDIX D y Reviewed and Corrected Tentatively Identified 
Compounds 

APPENDIX E - Organic Regional Datr Assessnext S u m n a r y  
APPENDIX F - Support Documentation 

Target Compounds 

I 
IN 
I' 

I 
I 

I 

1 
I 
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N l c k e l  P 
Potrs#lun P 
SI I mi M f 
Sllver P 
sodim P 
, p a l  I lm f 
Vanedl VI) P 
2 inc P 
Cyrn I de C 

AMlytiCll Method 

- 
CROL 

- 
200 
60 
10 

200 
S 
S 

5000 
10 
SO 
2s 

100 
f 

so00 
1s 

0.2 
40 

1000 
I 

10 
5000 

10 
so 
20 
10 - 

mnci.tssril! NAME 

CAS! NO. ,swwo. ' 

1 1  appror!~ J ouantltation 
IR value is rejected. 
U Revised Sornple Ouontltotlon l l m i t .  

I ty contrc 

UJ Puentltrtion l l m l t  i s  approximate dua to I~rnl t l t r t lons idmt l f ied In the q u a l l t y  control r t v l t w .  
NA Not Lnalyted. 

Sample results ore reprtcd on a dry utlght boslr. 
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1 

1 

Inorganic 0 M l Y t C S  

A l u n i n r n  P 
Ant laony P 
Arrmlc F 
mnrirn P 
eery~  I I- P 
C*lw P 
t o l c i r n  P 
Chromium P 
tobri t P 
copper P 
1 ron P 
l e d  P 
naonr8im P 
)(snsmese P 
Mercury 0 
YlCb8l P 
POt088lrPa P 
Selmlrrm F 
Sllvrr  P 
sodium P 
IhJll lUII  r 
Vnnadlrm P 
zinc P 
Cynni de C 

Anrlyticrl  Method 

- 
E801 

I 

-200 
60 
10 

zoo 
5 
5 

5000 
10 
SO 
25 

100 
3 

5000 
1s 

0.2 
LO 

so00 
5 

10 
so00 

10 
50 
20 
10 

J 
- 

lmi t r t lonr 

I 

I 
I 
I 

I 

I 

I 

Qurntltatlon I s  rpprorlnrted due to 
-- 

lentlf led during the qc 

- 

I t y  contri revleu. 

UJ Qurntltrtlon l l d t  18 eperorlmate &e to I l d t l t s t l o n ~ . l d e n t l f l e d  in the q m l l t y  control review. 
MA Yot Analyzed. 

Lonple results ore reported an a dry w l p h t  bsrlr. 



I-. 

3 

CROt Controct Acqulrcd Ournt l to t lon l l m l t .  

l a c u r h  

sulpl~ng Date 

AnnIvrll BaIc 

volet I l e  Oraanlc C a n p w n d  CROt 

Chloromethane ib 
Brammethrr 10 
Vlnyl Chlorlde 10 
Chloroethmr 10 
HelhylCM Chlorlde I 
A c e t m  10 
Carbon Dl ru l f lde I 
1,I-Dlchtororthenr S 
1,l-0 lchloroethono S 
1,2-0 lchloroe thcne(1otal) 5 
Chl or olors I 
1,2-01chlororth~ne 5 
2 . lu t smc  10 
I ,  1,1-lrlchloroethano 5 
Carbon I e t r r ch lo r l d r  5 
Vlnyl Acetate I O  
Bromodlchlororncthane 5 
I,2*Olchlorapropme 5 
C 18- 1.3-0 I chl oroproprnr 5 
tr lchlorocthene 5 
Dlbranochloromethrr S 
I ,  1,2-lr Ich I oroc t hone 5 
Benxene I 
trmns.l,~.0lchloropro~ne S 
OraRoforr S 
4-Hethyl-Z~pentrnone I O  
Z-nenanonr IO 
l e t  rrchloror thenr s 
1,l. 2,2- l o t  r rch l  oroe thsno S 
101 ueno S 
Chl or obenxenr I 
t i hy l kn rene  S 
I tyrcnc I 
Xylene I lo tml)  I 

~ - 
J Ousntlt 

UJ Psinntl l 
R Value I 

i 

i t lon le oppronlnstc duo i o  l laltetlans I d m t l f l c d  &rlng tho que l l t y  cantrol revleu. 
nlon \halt I@ oppronlmotrd duo t o  I l ~ l t s t l a n r  Idon t l l l ad  In the qus l l t y  control revlcw. 
I reJectcd. 



LI 
w .  m 

1MPZ-2- I 

BronwcIhrna 
Vlnyl Chlor ide 
Chl or or1 hone 
Hcthylrne Chlor Idc 
Acttonc 
Carbon O i ~ l f i d C  
I , 1  *O k h  I oroc I hcnc 
I, 1.Blchlorocthont 
I ,  Z*Oichlorocthcnc ( t o i s l )  
Chloroform 
I ,~.Olchlorocthonc 
2.Butmone 
l , l , l - l r i ch lo roc thanc  
Crrbon I r I r o c h l o r l d c  
V lny l  ACetrte 
Oromodlchloromg thana 
I, 2-0 I ch I oroproponc 
~ l @ ~ I , ~ ~ 0 l c h l o r o p r o p c n c  
l r l ch lo roc lhcnc  
D 1 bromochl o r m t h r n c  
1 , l ,2 - l r l ch lo roc lhnnc  
Bcnirne 
I ran t -  1,Y-0 I chloropropcne 
Bromoform 
L.Hethyl-2-pcntanonc 
2.tdcrsnonc 
Ie l r r ch lo ro r thcne  
1, I, 2,Z- l e t  r rchloroc t hanc 
1 o I urne 
Chlorobcnicne 
E thyibeniene 
S tyrenr 
Kylrne ( l o t e l )  

- 
CROl 

IO 
10 
10 
I O  
5 

10 
S ‘ s  
S 
S 
5 
5 

10 
5 
t 

10 * 

5 
S 
I 
5 
S 
S 
S 
5 
S 

10 
10 
5 
5 
5 
5 
5 
5 
5 

- 

- 
R P i  
I 

UJ 

v l t r r c t  Rc 
i n n t l t s t l t  

PACE- of- - 
~~ 

CI!IICLIY w i t  HAMII: 

CASE NO - .SWNO. 

-. - 

I8 spprorlmatr due to  Ilatltrtlona Identlflrd durlng the qurllty cont ro l  revlcu. 
i s n t l t r t l o n  l l m l l  I8 approxlmntr due I o  ll-’-*tlona I d e n t l l l e d  In the qurllty cont ro l  rcvlcu 

R Vsluc I 8  re lccted. 

mm%ras=rs%l 



S q d l n g  Dote 

Dilution lector 

Percent Sollds 

volrtllr Orpsnlc Conpwrd 

Chloramrthone 
erocnonwthons 
Vlnyl Chlorldr 
Chloroothmns 
Molhyteno ehlorldo 

Cerbon 0 I rul f Ido 
1, I4lchloroc thcne 
1,l.O lch l  oroethsne 
1,2-0lthloroo thene (tot e l  1 
Chloroform 
1, I - D  lchloroe t hone 

l,l,l-Irlchloroethone 
Carbon Ietrochlorldr 
Vlnyl Acetote 
Bromodlchloramathmne 
1.2-01 chloropropsno 
c I r * 1, 3.0 I ch I or opr opene 
Ir lchl oroe thene 
Olbromochlorancthono 
1,1,2~1rlchloroc!h~no 
Benrenr 
t rsns- 1,3~Dlchlorapropene 
Bromoform 
L -Methyl - 2.pfnterwnc 
2-He~onone 
lrtrschloroethcna 
1.1.2.2~1elr~chlorocthnno 
loluenr 
Chlorobenienr 
Ethylbentene 
t tyr tnc 
xylene (lotst) 

~ 

5 Acetono 

2.euton0m 

S w p l o  Quontllstlon Ilmltr or0 reported on o dry weight bstlr. 
UJ Qusntltrtlon Ilmlt I o  spproxlmatcd dw to llmltrtlono &rlng the quallty controt rovleu. 
R Volw I s  rejected. 

L 
2 



IMPZ- 3-2 

Sample Locat ion 

v o l e t i l e  Organic c o n p w ~ l  

Chlor&ihme 
Bronvms t hanc 
Vlnyl Chlorlde 
Chloror t hrne 
nothylono Chlor ldo 
Acetone 
Carbon D l r u l f l d c  
(,I-Dlchloroetheno 
1,l-Dlchloroothrne 
I ,  2-Dlchloroe thene (lots1 ) 
Chloroform 
I , i - O  I ch lo roe t  hene 
Z-Qut onono 
1,1,1-lrlchloroothrno 
Carbon l r t r o c h l o r l d r  
Vlnyl Acetoto 
Bromodlchloranethsno 
I ,  2-0 I ch I oropropbne 
c I8*1,3 -0 I chloropropene 
I r I ch I or oc theno 
OlbrocrPchloromethene 
I, I ,  2- Ir  lchloroe t heno 
B enz ene 
t fans- I ,  3-Olchl  oroptopene 
B tw f o r i  
C -He t hyla 2 -pen t onone 
2-Hexmone 
lc t r rch lo roc thcnc  
1 , 1 ,2,2- l e  trrchl or08 thana 
l o l w n e  
C h I orobeni m c  
t t h y l k n i e n c  
Styrene 
xylene ( l o t e l )  

g 

C l P  VOlAlll€ OAT4WtC ANALYSIS 

CAS€ No. , SO0 No. ~~ 

Sample Ouan t l t r t l on  I I m l t r  aro reported on a dry ualpht bralr. 
UJ Ouen t l t r t l on  l l t a l t  Ir rppror lmr ted  &a t o  Ilnltrtlonr durlng the quallty cont ro l  revlcu. 
R Value I o  re jected. 

Y zg co m 
2 

B 

p 
c 
n 

6 
c a 
Y 
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,P 

J S q I c  Locot Ion I 

scnl.Volrllle coqnnrwf 
~ ~~~ 

Phenol ~ 

bls (2-Chlororthyl) ether 
2.Ch I oraphrnol 
1,3~Dlchlorobenxcne 
I, 4-0 lchloroknronc 
Oenryl Alcahol 
I ,Z-Olchlorobanrcno 

4.Mcthylphenol 
N - # I  troso-dl an- propyl ml ne 
Honechlorocthrne 
Wltrobcnrene 
I oaphorano 
2 - H I  t ro@wnol 
2,4~Olmthylphcnol 
I)mxole acld 
bls (2-Chloroethory) mthsne 
2,4-Olchlorophcnol 
I ,Z,blr lchlorobenxcnr 
Weph t hs l  ene 
4-Chloroonll Ine 
Hrrochlorobutsdlenr 
4-Chloro-3-nrthylphenol 
2-Methylnophthclono 
Mcirch I oroc yc I opent ad1 cnc 
2,4,6-lrlchlorophcnol 
2,Z.S-lrlchlorophenol 
2.Chloronaphthotenc 
Z - w l  t r o rn l  I Ine 
OlmeIhylphtholete 
Acenephthylene 
2,b.OInl trotolucne 

blr 2-"ethyYml (2-C lorolropropyl )ether 

~ 

I (Anrlysls Osrr -- 
CROL 

16 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
I O  
10 
I O  
I O  
so 
I O  
I O  
I O  
10 
IO 
I O  
10 
IO 
10 
I O  
so 
10 
so 
I O  
10 
I O  

CROL Contract ilequlred O w n t l t s t l o n  l lnlt. 
J 

UJ 
R value l o  releered. 

~ m t l t o t l ~  l a  r p p r o r l w t e  due to I l m l ~ s t l o n r  l den t l f l ed  durlng the qua l l t y  control rovlrw. 
Quont l to t lon IItaIt la approrlwted &a t o  Ilmltetlmr I den t l f l ed  In tho quellty Control rovlew. 



l t lP2 .4-2  

- 
N 

I r r f t i c  Report HuniIcr 

Acenrphthcne 
2,4 *D i n 1  t ropheno I 
(-HI trophenol 
D l k n t o l u r a n  
~ , ~ * ~ i n i t r o t o ~ u e n r  
Ole thylph thrlr t e  
4 - C h I orophcny l -phenyl e I her 
f luorene 
4.NlIrosni I i ne  
~,6.Dlnltro.Z.rnathylphenol 
H. I 1 t f osodl pheny l am h e  
4-Oramophcnyl~phenylelher 
Herechlorobenrcne 
Pentschlorophcnol 
Phenanthrene 
Ant hr rccnc 
OI*n.kr iy\phtha\ a i c  
l luaranthene 
P yr en8 
Ouiylbcntylphthal  a t e  
1,s’ .D I chl orobcni l d inc  
Otnro( r )an t  hr accne 
Chr yscnc 
blrt2.€chylhrryl)phlhn~itc 
01-n -oc ty l  ph tha la te  
Oento(b) l lw ran thenc  
Oen#o(k)lluoronthenc 
Bento(a)pyrene 
lndcno (1.2.3-cd)pyrene 
0 Ibenz(a, hlanthraccne 
Oenro(g,h, i )pcrylenc 

10 
50 
so 
10 
10 
10 
10 
10 
SO 
so 
10 
10 
10 
50 
10 
10 
10 
10 
10 
10 
20 
10 
10 
\o 
10 
10 
IO 
10 
10 
10 
10 

01 Contract 
I Ouant i i r  

UJ Ourntttr 

lcqulrcd Oua 
on I s  emra 

: I1st lOn L I I  
lmate due t( 

A Value Ir rejected. 

isltrtlons l d e n t l f l r d  dur lng  the qurllty control rcvlew. 
IJe t o  Ilmltatlons l d c n t l f l c d  In the qur l l ty  con t ro l  revier. 
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I t1Pz4 - 1 

cenan ma NAMBI 

CAS0 Hb. ,soono. ~ 

kteI-BHC 
de l  te.8HC 
$smna-BHC (llndana) 

P Huptochlor 
Aldrln 
Huptrchlor epoxlde 
Endosulfan I 
01 et dr In 
4 ,1 ' *M)C 
Endrln 
Endo~ul fan  I t 
4,4' -ODD 
Endowl fan  su l fa te  
4,4'-0D1 
Mcthoaychlor 
fndrln ketone 
a l  pha-Chl ordanc 
g m - C h l o r d a n e  
lornphcnc 
Aroclor*IQlb 
Arocl or - I 221  
Aroclor.12S2 
Aroclor- 1242 
Arocl or - 1248 
Aroclor-1254 
Aroclor-1260 

W 

CAOL Contrect Ucqulred Ouant l ta t lon  L l a l t .  
J 

UJ 
Quan t l t a t l on  I 8  epproilmatr &e t o  I l f a l t a t l ons  I d e n t l f l e d  drlng the q u a l i t y  C M t r O l  revleu. 
Quan t l t a t l on  l lnlt I o  app ro r lw ted  clw t o  I l m l t e t l o n s  Iduntlfled In the quality cont ro l  revleu. 

R V 6 l W  10 ra loctcd.  
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E 

PAC€ of 

~~ 

Sanple Locetlon 

S . a p l r  Mdmr 

~ 

~- ~ 

- 
-~ Rcrarko 

C ~ l l n g  oat0 ~ 

Ollutlon factor 

Percent Sol Ida 

Setal-Voletlle C o n p o u d  

I-M tronni I {ne 
Acmsphthena 
2.4.01nl trsphrnol 
I - W l  t rophrnol 
Dlkn to fu rnn  
2 4-Olnltrotoluene 
P h y l p l r t h o l o t o  
I-Chlorophenyl -phenyl ether 
rluorw 
(-HI t r onn l l  Ine 
I , 6 4 l n l  tro-2-methylphrnol 
W- M I  troredlphenylmlnr 
I-Bromopheyl Sphenylether 
Hrxschl orobenienr 
Ptntachlorophenol 
Phenanthrene 
Anthracene 
DI-n-butylphthalate 
fluormnthene 
Pyrrne 
Butyl benty l phthal o t o 
S,l’-Olchlorobenrldlno 
Ben t o  f a 1 ant hroceno 
Chrytrm 
bl r (2- t thy lhexy l  )phthalntc 
01.n-octyl phthslate 
Behio(b) t luor enthene 
Bcntotk)f luoronthme 
I)ento(r)pyrene 
I *no t I, 2,%cd)pyrene 
0 hen1  t o,h)ont hracene 
Benio(@,h, 1)perylene 

~ 

t s q l o  Ouantltet 
UJ OuantItetlmr 110 

~ 

reported 01 
111tr dw tc 

-T 

- 
‘ c l a d  durtng tho control rrvlru. 



IHPZ-4 - 5 

S-Wethylphcn?l 
1-11 t roso-d l  -n-prbpytaAllne 
Herochloroethrne , 

H I  trobenienr 
I aophorme 
2-11 trophenol 
2,4-Dlmethylphenol 
Bentolc s c l d  
bl  0 ( 2 .Chloroe t hory) fm t hanc 

~ ~ 

0110 nro ra 
rpprorlmetc 

r to i l  nn a ti; uolohl Kne 

PAGE Of 

l e d  In the qurl l ty  control revleu. 

5 
3 R 
p.. 

A Value l r  rejected. 
he to Ilrnltrtlonr ldent 



1MPZ - L - 6 
TAlllP. 

CL? E.WlUCTABLI! OROANIC ANALYSIS AOU@OUS SAMPUI OUAHlWAllON UMnf (urn PACE-of- 

Tsaqsle ~ o c 0 t 1 o n  

1 Sanplo UtI3kr I 

I 

I 

I 

T r ~ f f k  meport Wrrmkr 

Remarks 
I 

S ~ ~ ~ l l n g  Data I 

b l l u t l o n  factor 

Pcrccnt SO!~& 

PertlcldeiPCe comqmud 

01 ph4-OWC 
kto-BHC 
del ta-BHC 
OmaU-IWC tllndmt) 
Heptachlor 
Aldrln 
Wcptachlor epoxide 
EndQsulfEln I 
b I el  dr In 
4,4'-M)E 
Erdrln 
Endosul fen I I 
4,1'-DDO 
EndoSUlfen r u t f a t e  1 1 1  

l 4 , ~ - m r  I 

Methoxychlor 
Endrln hrtonr I 

rlpho-chlordont, 
genanm-Chlordmc 

Aroclor-1016 
Aroclor-1221 

I Aroclor-1232 
Aroclor - 1 2 U  
Aroclor-1218 
Aroclor-12S1 

1 'Aroclor- 1260 

-- 
I I 

I 

r o x a p h w  
I 

I 
Saaplr  Quantltrt lon l l d t s  ore reported m dry ualght kr l r .  

UJ Ounntitatlon llnltr arc approxlwte due to  l lml tat lanr  ldcnt l f led b l n g  the qual l ty  control rwlcw. 
R value I s  rejected. 

~ m l r m m a s r n m ~ , ~ m ~ ~  

t 
9 

6 

LD 

w . 
p 
Y H 

W 

n 



( t m l  .VO lOt  i l e  compaund 

~p ~ p~ 

~ 

-red Ouontltstlon 

~ ~ 

p~ 

p~ 

~ 

L l m l t .  

:IQI 

xi- 
310 
110 
310 
110 
130 
310 
110 
110 
110 
110 
110 
110 
130 
110 
310 

M O O  
330 
I30 
310 
330 
3 10 
110 
110 
110 
110 
310 

1600 
110 

1600 
110 
110 
330 

-- -- 

Phenol 
blc (2-Chloroethyl) ether 
2.Chlorophrnol 
l,~-Olchlorobcnicno 
l,4~Olchlorob~nzene 
Beniyl Alcohol 
1,2~Olehlorobrn:rnr 
E - M e  thylphenol 
blr (2-Chloroltopropyl )ether 
4.He thylphenol 
W-Nl t roro-d l  *n-propyl rmlne 
Hrnschlorocthmc 
' N l  t robeniene 
I Bophorono 
2.Wl trophenol 
,2,4-Dlwthylphenol 
Btniolc meld 
bl r (2.Chloroe t hory) me thrnc 
2,4 - 0  I e h l  orophcnol 
I, 2.4-1 r Ichl orobcnrcne 
Nsphthrlenc 
4.Chlorornil Ine 
Herrchlorokrtadlenc 
C.Chloro.1.mcthylphcnol 
2-Hethylnsphthrlcnr 
Werrchlorocyc lopcnt adlcne 
E ,  4,6* I r l ch l  orophtnol  
2 , 4 ,  I .  1 c l ch l  orophenol 
2-Chloronrphthelene 
2 - N l  t roanl l  lne 
Olmethylphthrlrte 
Acenrphthylenr 
2 , O ~ O i n l t r o t o l u e n e  
i ----..- - ---- 

.NO1 Cor 

- 

- 

- 

- 

PAC€ of 



Seal-volatlle canpourd 

1 . Y I  troonl I Im 
Acenmphthem 
2,bolnl trophenol 
4-Wltrcphmol 

0 D l k n t o l u r r n  
2,400 I nl t rot  01 uene 
Dlrthylphtholotc 
4*Chlorophenyl q-henylether 
f luorrm 
4 .Y I t r o o d  I I M 
L ,6-0 In1 tro. 2 - w t h y l  phenol 
Y - W I  trordlphtnylralnr 
4-0romophryl-phrnylether 
~erachlorobentene 
Pent ochl oropIenol 
Phrnonthrena 
Ant hrocene 
D I ~ n ~ h r t y l p h t h r l s t c  
fluorontheno 
P y r r m  
But y l k n t y l p h t h o l  o t  e 
1, ll-Dlchlorobenr ldlne 
Sento(s)oc\thrrceno 
Chryrcne 
bl  r(2.t l h y l h r i y l  )phthalate 
01-n-ociy l  f i t h a l a t e  
Smtotb)l luorenlhtne 
Stn io ( t ) l luormrhcne  
tent e( e)pyrme 
lndrno t l,Z,B*cd)pyrene 
0 I h t  t a, h )ont hroccne 
Stnto(e,b, I )pcryleno 

~ ~ 

1(00 
150 

1600 
1600 
130 
310 
310 
310 
510 

I600 
!bo0 
110 
310 
110 

1600 
110 
1JO 
110 
110 
110 
110 
660 
110 
110 
110 
310 
110 
110 
110 
110 
110 
110 

TiK- Contrect-ia 
J ouontltctloc 

UJ Qusntltrtla 
a vo lw 18 ro 

b l la l t .  

l l s l t  l o  oppronlmto &IO t o  110'- *Ion8 ldontlflod In tho q u s l l t y  control rovlow. 
md. 



- 
g 

- 
CAOL 

8.d 
8.0 
€4.0 
8.0 
8.0 
8.0 
8.0 
8.0 

10.0 
16,O 
16,O 
16.0 
16.0 
16.0 
16.0 
10.0 
16.0 
80.0 
00.0 

160.0 
80.0 
80.0 
00.0 
80.0 
80.0 
160.0 
l60.0 

alphr;BHC 
k ti 4HC 
delta4JWC 
g#nnr-BnC (llndrne) 
Hept rchl or 
Aldrln 
Heptrchlor epon Id8 
fnd6rulfrn I 
Dleldrln 
4,4*.DDE 
fndrln 
lndotulfrn Ii 
4,4' .ODD 
f ndorul I an iu l  I s r e  
4 , 4 ' -DD1 
Hclhonychl or 
fndrln ketone 
a l  ph@.Chl ordrne 
gnnmb.Chlordane 
loraphcne 
Aroclor-1016 
Aroclor* 1221 
Aroclor. 1212 
A t O c I O r . l Z 4 2  
Aroclor.12U 
Aroclor- 1254 
Aroc I or - I260 

~ - 
J OuontItat(on 

UJ Ounntltrtton 
R Vnluc I8  
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L-Methylphenol 
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nrrachloroethrna 

2-Wl trophmol 
2,4-0lnrthylphenal 
,Ben:olc scld 
blr (2-Chloroethory) methane 
2,s-0  ichlorophenol 
I, 2,4-lrlchlorobentana 
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2,4,5 - I r I ch I orophcnol 
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3 - ~ i  t rosni  t ine 
AceMph t hene 
Z,Z-Dlnl trophenol 

e 4-Witrophenol 
2 Olbmrofwen 

Z,&-Dlnl t rotoluene 
Dlr thylphtha l bte  

1 4-Ch I orophenyl - phenyl ether 
l fluorrne ' &-HI  tromnll Ine 
1 Z ,&Olnl  t ro-Z-mthylphenal  
#-MI t r o s o d l p h e n y l ~ l n e  
4-Brmophrnyl-phenylrther 
nerechlorobenrrnt 
Pentschlorophmol 
Phmnthrene 

01 -n-butylphthalete 
fluorsnthene 
Pyr m , E u t y l k n r y l p h  t hal  ait e 
3,3'-Dichlorobenrldine 

,@enzo(m)onthracene Chryscne 

blrt2-Ethylheryl)phthslste 
Di-n-oc ty l  phthalate 
Bentof b) f luoranthene 
Benxo(k)f luorsnthenc 
Bcnro(a)pyrene 
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TAW!  

CLP E.mIACTADLE OROANtC ANALYSIS SOIL SAMME OUAHmATlON UMrPS (usn] 

cmri.is srm NAME 

, SIxJ NO CASE NO 

m m m  

UJ 
R vslue I s  rejected. 

the q u e l l t y  control '  rcvlcu. 

'PAGE O f  



- 

t; 
N 

1 

Ssnplr Ournrltetlon l lml ta  are reported on dry uelght basls. 
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S W I C  Loc0tlon 
I 
Ssaple llUrlKr 

lrofflc ncport YirldXr I 
I 1 : I 

1 .--I-. -.--I--- --_- l l  

S m l p l l n g  oa t t  

I 
I 

I I 
.-'' 
- 
Oilutlon factor  I 

vet rccll Sol ldll 
-- 

Pest ICldC/PCO comqmlnd 

a I pha -BHC 
bet a-enc 
del to-BnC 
gama-BHC (Llndanc) 
Rtptachl or 

Htptrchlor eporlde 
Endasulfmn I 
Olrldrln 
b ,4' -ME 
Endrln I 

Aldrin I 

I 

PACE 0 1  

Endorulfm 11 
b,b'-DDD 
tndorulfm muttate 
b,b'-DDT 
Methoxychlor 

1 Endrln ketone 
a l  phr - Ch I ordsnc 

I gemu-ChIordane 

Aroclor-1260 

I ~ 
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I 

I 

I I 

I 

~ 

I 
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Appendix PI identifies seven indurtrieS that generate waste which contahs p o h m t s  that 
are known w pose human and environmental Jmmrds. This appendix is intended to aid the 
reader in three ways 

o 

o 

o 

To assist in the identification of target cornmunds and potential expoom pathways. 

To predict associated contaminants that potentiarlly yield interferences. 
To assist in early idenWkation of sites that contain high levels of compounds that 
may not be included as target d y t e s  for routinely avahble methods. 

The data for these tables were ob- by searching the USEPA TO& Release Inventory 
System using the Standard Pndwcrial clarsification (SIC) codes listgd below 

ImbKRY 

1 Battery Recycling 
2 Munitions/Explosives 
3 Pesticides hAanufacmring 
4 Electroplating 
5 Wood Preservatives 
6 Leather Tanning 
7 Petroleum Refining 

sIcxh& 
3691, 3692 
2892 

347 1 
249 1 
3111 
291 1 

2842,2879 

The appendix consists of seven tables and depicts the pollutants associated with each of 
the seven industries, the CAS number of each pollutant, and the matrices where each pollutant 
has beta found. The list is not inclusive of all pollutants or industrial sources. The seven 
industries wen selected bamxi on the recommendation of the Risk Assessment Subgroup of the 
Data Useability Workgroup because of the frequency of occurrence of the pollutants produced 
by those industries in Superfund sites. 

1 
I 

153 



M cn 
P 

I 
2 
3 
4 
5 
6 
7 n 
9 
10 
I 1  
12 
13 
I4 

16 
I7 
I8 
19 
20 
21 
22 
23 
24 
25 
26 
27 

29 
30 
31 
32 
33 
34 
35 

as 

2a 

LEM) 
SODIUM SULFATE (SOLU'TION) 
SOMUM WDROIDE (SOLWTlON) 
SWlRUC ACID 
AMMONIPIM SULFATE (SOLUllON) 
MANWNESE 
I ,  I ,  I-TRICHU)ROEl'l!ANE 
MEmANOL 
W M  113 
URlCHtL1ROETtWLENB 
TOLUENE 
ZINC 
AMMONIA 
CADMIUM 
ANTMONK 
BARIUM 
NICKEL 
F0RMAIl)EWYQE 
ACEIWJE 
XYLENE (MIXED ISOMERS) 
"MHUIROETMYlLENE 

COPPER 
SILVER 
ACmONITRILE 

143991 0 
7757826 
0300732 
1664939 m m  
1439961 

1 15% 
6l%I 
76031 
79016 
Pam3 

1- 

1110139 
1110)60 
1- 
7440ml 

wIo00 
6764 I 

I330207 
121184 
lkopa 

Rows2 
7439976 

10363 
78933 

D I I O U  
1647010 
7697372 

715% 
1- 
1440012 
1440SOE 
1440224 

15058 

law ni 1 
Y 
Y 
II 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 

Y 
Y 
Y 
Y 
Y '  
Y 
Y 
Y 

Y 

Y 
Y 
Y 
Y 
Y 
Y .  

Y 

Q 

Y 

' Y  

Y 

Y 

Y 

Y 
Y 

Y 

Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 

Y 

Y 

Y 
Y 
Y 
Y 



a 

Rank md 
b 

CAS Namkr air Wcpa s a  CRha 

I 
2 
3 
6 
5 
6 
7 
8 
9 
IO 
I I  
12 
13 
I4 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
18 
29 
30 
31 
32 

AcEfoNE 
NITRIC ACID 
AbWOMUM NITRATE (SORVnON) 
PENTACHIBROBHENOL 
SODIUM SULFATIE (SOLUTION) 
AMMONIA 
SULFURIC AClD 
W R H n  ETHYL KETONE 
CYCU)HMANE 
CHUlRlNE 
NmtOOLYCERlN 
DICHEOROMEIMANE 
CALCIUM CYANAMIDE 
LEAD 
ETHYLPiE GLYCOL 
N-BUTYL ALCOHOL 
TERT-BUI"YL ALCOHOL 

Y Y 
Y Y 
I! Y 

Y 
Y Y 
Y Y 
v 
Y 
Y \I 
Y Y 
Y 
Y 
Y Y 
K If 
Y 
Y 
I r v 
1 

Y Y 
Y 1 r lf 
If 
Y Y 

Y 
1 
Y Y 
Y 

Y 

Y 
Y 
Y 
Y 

Y 
Y 

K 
Y 
Y 
Y 

Y 
Y 

K 

Y 
K 

Y 
Y 
Y 

Y 
Y 
Y 

Y 
Y 

Y 

K 

Y 
Y 
Y 
Y 
K 
Y 

K 



I 
2 
3 
4 
5 
6 
7 
I 
9 
IO  
II 
12 
13 
14 
IS 
16 
17 
I8 

OI I9 
2Q 
21 
22 

c1 a 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

b 

Y 
Y 
Y 

Y 
K 
Y 
Y 
Y 
Y 
Y 
Y 
lf 
Y 
Y 
Y 
Y 
1 
'1y r 
1 
Y 
Y 
Y 
Y 
I 
1 
Y 
Y 

?f 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

K 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
K 
Y 
7r 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 

Y 
Y 
Y 

Y 

Y 
Y 

. Y  

Y 
Y 
Y 
Y 

Y 
Y 
Y 

Y 
Y 

Y 
Y 

K 
Y 

Y 
Y 

\I 
Y 
Y 

Y 

K 
Y 
Y 
Y 
Y 

Y 

Y 
Y 
Y 
Y 
Y 
Q 
K 
Y 
Y 
Y 
Y 
Y 
K 
v 
Y 

. Y  
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 

Y 
Y 
Y 
Y 
Y 



c. 
Y 

a 
Rlank Compound A t  W W  

b 
olhtr 

43 
44 
45 
46 
4 1  
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
56 
59 
60 
611 
62 
63 
64 
65 
66 
67 
68 
69 
70 
1 1  
72 
73 
1 4  
75 
76 
17 
78 
79 
80 
81 
02 
83 
84 

-- 
I .4-DICHlDROBENZ~E 
DICHLOROBROMOMITHANE 
TRlFLURAUN 
13,CTRIMETHYLENZENE 
METHYL ISOBUTYL #TONE 
I ,4-DIOXANE 
NITRIC ACID 
N-BUTYL ALCOHOL 
FLUOMRURON 
I - M ~ O X Y E T H A N O L  
BIS(2-ETMYUIEXYL) ADlPAfE 
PHENOL 
ACRYLIC ACID 
QUINTOZENE 
ALUMINUM 
BENZOYL PEROXIDE 
OXYLENE 
CHROFMIUM 
2-PHENYLPHENOL 
HYDROGEN CYANIDE 
ZINC 
HD[ACHU)ROCYC&OPENTADENE 
DICOFOL 
BIPHENYL 
4-NITROPHENOL 
MRllYLETMYLKETONE 
TRICHLOROETHYEWE 

TETRACWLORVINPHOS 
DI(2-mHYLHUM) PHTHALATE (DEHP) 
TEREPHTHALIC ACID 
DICHLORVOS 
MANEB 
P-XYLENE 

M-CRESOL 

7Upoll 
. W82m 

I W W  
1332214 

76131 
25J2I224 

I10827 
120832 
la467 
7S274 

95636 
la%IOI 
12391 I 

7m372 
71363 

109864 
la111 
1- 
79107 
826W 

134431 
91360 
95476 

7440473 
90437 
74- 

7440666 

n IS322 
92524 

UWO27 
78933 
19016 

108394 
%I 1 IS 
looZI0 
62731 

12127382 
106423 

ismam 

2 1 ~ 1 7 2  

77474 

I 1in17 

Y 
Y 

Y 
Y 
Y 

Y 
Y 
II 
Y 
Y 
v 
Y 
Y 
Y 

Y 
K 
Y 
K 
Y 

Y 
Y 
K 
Y 
K 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 

Y 

Y 

Y 
Y 
Y 

Y 
Y 
Y 

Y 
Y 
Y 

Y 

Y 

Y 
Y 
Y 
Y 

Y 

Y 

Y 
Y 

K 

Y 
Y 

Y 

Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
II 
If 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 

K 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 



0 b 
Renlr Compand CAsNOlskr Air W a a  sou mhcr 

1s 
86 

88 
u9 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
I01 
102 
IO3 
104 
IO5 
106 
107 
IO8 
109 
I IO 
111 
I12 
I I3 
I I4 
I I5 
I I6 
I I7 
I I8 
I I9 
1 20 

a7 
METHYLENE BROMIDE 
CHWMMBEN 
BENZENE 
HYDROGEN WORIDE 
ETHYLENE 
C.I. ACID BLUE 9. DISODIUM SALT 
DIMFIT: fL SULFATE 
ISOPROPYL ALCOHOL 
HYDRAUNE 
VINYL CMLORUDE 
M~HYLENEBIS(PHENYLISOCYAIJATE) 
EPICHLOROHYDRIN 
PROPYLENE 
NITRIUITRIACEIIC ACID 
ARSENIC 
NAPH?HALENE 
VINYLIDENE CHIDRIDE 
TRICHLORFON 
DIBUTYL PHIHAUTE 
ANILINE 
METWOXYCHLOR 
DIEIWANOOAR(INE 
NITROBENZENE 
CYANIDE COMPOUNDS 
AMMONIUM SULFATE (SOLUTION) 
LINDANE 
RXYCEWIIRIPIATU) BlPMENYfS 
PROP- 9 OXIDE 
I.I-DlNlT'R&HWOL 
PHOSGENE 
H!%ACHIBROEI'HANE 
CADMIUM 
ETHYLENE OXIDE 
BENZYL CHIDRIDE 
4 . 6 D I N l l R O S C ~ O L  
CHLOROBENZIIATE 

74953 urn 
71432 

7664m 
7485 I 

3644459 

67630 
302012 
75Qt4 

1016a8 
1- 

139139 
1440381 

91103 
75354 
52686 
84742 
62533 
72435 

I I1422 
98953 
S712S 

sm9B 
I336363 
75569 s I285 
7544s 
67721 

7410139 

1 W 7  
534S21 
5 IO I56 

ma 

a isam 

778324x1 

m a 8  

K 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
K 
Y 
Y 

Y 
Y 
Y 
'II 
Y 

Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 

Y 

v 

Y 
Y 

Y 

Y 

Y 

Y 

Y 
' Y  

Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 

Y 

Y 

Y 

Y 
Y 

Y 
Y 

Y 

Y 
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R 

0 

R d i  Compound 

111 

I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
I 1  
I 2  
13 
I4 
I 5  
16 
I1 
I8 
19 
20 
21 
22 
23 
24 
25 
26 
17 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

SULFURIC ACID 
HYDROCHLORIC ACnD 
SODIUM HYDROXIDE (SOLUTBON) 

SODIUM SULFATE (SOLUTION) 
NITRIC ACID 
DlCHLOROMFfMANE 
NICKEL 
TRICHLOROETHYLENE 
CHROMIUM 
TETRACHLOROETHYLENE 
METHYL FTHYL KETONE 
ZINC 
FREON I I 3  
A L W l W  
COPPER 
I.IIocil’llORIC AClD 
TOLUENE 

I, I ,  I-TRICHLOROETHANE 

L W  
XvtEm(MIXE0 ISOMERS) 
ACETONE 
CADMIUM 
R11YLBENzENE 
ETHYLENE GLYCOL 
CYANIDE COMPOUNDS 
AMMONIA 
F0kMAU)EHY DE 
GLYCOL ETHERS 
CHLORINE 
METHANOL 
ETHYLENE OxlDE . 
METHYL lSOBUTn KETONE 
2-MEMOXYETHANOL 
HYDROGEN FLUORIDE 
PHENOL 
1.2-DICHLOROBENZENE 
N-BUTYL ALCOHOL 
TERT-BUTYL ALCOHOL 
BARIUM 
VINYLIDENE CHLORnDE 

ISOPROPYL ALCOHOL 
2-ETHOXYETHANOL 

7664939 
1647080 
IS 10732 
lm6 

1697372 
1w)91 

1640020 
79016 

744473 
I21 lU4 
70933 

74- 
16131 

742990s 
l4oOuW 
7664382 

108883 
1439921 

61641 
7440439 

lom I 
S l I S  

1464411 
5oaw 
79141 

n a 2 m  
61WI 
7S218 

lOalOl 
9 m 6 4  

1651393 
om952 
9sm 
1 I363 
15650 

1440393 
75354 

I I0805 
61630 

nsinzi 

133~207 

ima4 

Y 
1 
Y 
Y 
Y 
lr 
Y 
Y 
K 
v 
1 
Y 
Y 
lr 
v 
Y 
Y 
II 
Y 
Y 
Y 

Y 
f 
Q 
Y 
f 
II 
?! 
Y 
II 
v 
Q 
Q 
If 
Y 
Y 
Y 
Y 
Y 
Y 

Y Y 
Y Y 
Y v 
Y Y 
Y 
II Y 
Y 
Y Y 
v 
Y Y 
Y v 
Y 
Y Y 

Y 
Y Y 
Y Y 
Y .  Y 
Y Y 
1 K 
Y 
\I Y 

Y Y 
Y Y v 
1 
Y 
Y 
Y 

Y 

Y 
Y 
Y 
Y 
v 
Y 
K 
1 
Y 
lr 
Y 
lr 
K 
Y 
Y 
Y 
Y 
Y 
Y 
K 
1 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
K 
Y 
K 
Y 
K 
1 
Y 

Y 

Y 



I' 

743996s Y v 
74008 v 
IW2$ Y 
961 I os Y 
ionc I Y n om0 Y 
023910 Y 

9lm3 Y 
nwaOt Y 
744@224 Y 

43 MANMNESE 
44 HYDIROOEN CYANIDE 
45 STYRENE 
46 VnaACOIUJRVUNPH~ 
4 1  M E U W N E  
48 N-DIOCTYL PMDHIAUl'fi  
49 I .4-DlOXANE so 
51 NAPHTMAENE 
s2 AMMONIUM SULFATE (SOLUlloPr) 
S3 SlLVER 
54 

COBALT 7440484 

P R O E  I owl1 Y 

Y 

Y 



CHROMIUM 1m73 Y Y Y Y 
91200 Y Y Y Y 

I 
N-E 

3 AMMONIA 7644% 97 K Y Y 
2 

4 PENTACHLI)ROWIENOL 87- Y Y Y II 
DIBWUIFURAN r32649 II II Y 1! 

Y 
5 

120m * II Y Y 
Y 944060) Y Y Y 

6 

7440382 Y II Y Y 
I COPPER 

§ma Y 
8 ARSWfC 

92524 Y Y Y K 9 

71432 Y Y 
90 BIPHENYL 

75092 Y 
I I  BENZENE 

TIS% Y II 12 DICHLOROMETHANE 
77anm Y Y 

91225 Y K Y Y 
I4 

Iom2 Y Y 
I5 QUINOLINE 

7- Y Y Y 
16 PHENOL 

7664382 I I7 ZINC 
%a7 Y Y 

18 PHOSPHORIC ACID 
7647010 Y 

19 0-CRESOL 
20 

ANFHRACWE 

FORMALDEHYDE 

13 I , l . I - T R I C H U ) R O E E  
AMMONNJM SULFAE (SOLUTION) 

HYDROCHWRIC ACID 
21 M-CRESOL 1108394 Y Y 



I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
I 1  
12 
13 
14 
15 
16 
17 

\ 18 
1 19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

AMMONIUM SULFATE (SOLUTION) 
SULFURIC ACID 
SODIUM HYDROMDE ( S O L ~ O N )  
AMMONIA 
TOLUENE 
SODIUM SULFATE SOLUTOON) 
METHYL ETHYL &ONE 
XYLENE (MIXED ISOMERS) 
CHROMIUM 
GLYCOL ETHERS 
METHYL ISOBUTYL KETONE 
2-METHOXYErHANOL - .  

ACETONE 
Z-ETHOIcYEmANOL 
N - B V M  ALCOHOL 
TETRACHL13ROEII#YL€NE 
CYCLzJwlExANE 
AMMOMUM N m T E  (SOLUTION) 
MANaANEsE 
l . l . l - T R I ~ R O E I 1 I A N E  
DI- 
DIETHANOIAMINE 
METHANOL 
ISOPROPYL ALCOHOL 
PHOSPHORBC ACID 
ETHYLENE GLYCOL 
FREON 113 
PHENOL 
ETHYL ACRYLATE 

Y 
1 

Y 
P 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 

Y 
Y 

Y 

Y 
Y 
Y 
y .  

Y 

Y 
.Y 
K 
Y 
\I 
Y 
Y 
Y 
Y 

Y 

Y 
Y 

Y 

Y Q 
Y 
Y 

Y Y 
Y 
Y 
lf 

Y Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y Y 

Y 
K 



I 
2 
3 
4 
S 
6 
7 
8 
9 
10 
I I  
I2 
13 
14 
I5 
16 
I7 
11 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
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a9 

a 

SODIUM SULFATE (SOLUTION) 
ALUMINUM 
AMMONPA 
SODIUM MYDROWDE oJ) 
SWLFURIC ACID 
TOLWENE 
XYLENE (halXEQ ISOMERS) 
BENZENE 
ka-mmYL KECONE 
PROPYLENE 
PHENOL 
DUmUNOLAMME 
EruYLENE 
METWANOL 
CYCmHExANK 
8,2,4-~ETHYLBENZENE 
IETHYUENZENE 
PHOSPHORIC ACID 
CHROMIUM 
MEMYL~T-BUTY&EIHEIR 
ASBESTOS (c.RuBLE) 
P - W E  
AMMONIUM SULFA?E (SOLUTION) 
M-XYLENE 
CUMWE 
ACRYlNE 
CRESOL XEDKSOMERS) 

O-XYLWE 
N- 
NICKEL 
CHLORINE 
e U D  
METHYL BOBUTYL KEIDNB 
ETHYLENE QLYCOL 
MOLYBDENUM fRIOX1QE 
ZPNC 
HYDROCHU)RIC ACID 
OLYCOL ETHERS 
BARIUM 
COPPER 
I,P.I-TRICHU)ROETHANE 

HYD&FLUORlDEi 

n m 2 6  
7429SM 
76644 I7 
1304332 
7661939 
lourn 

8330201 
71432 
70933 

0 IS071 
Dol952 
1914l2 
1 4 8 )  D 
675661 

I la27 
956% 

1004 14 
7664382 
7440113 
1634044 
1332Zl4 
106423 

17831m 
1063a 
98828 
67641 

1319l73 
1WSM 

%476 
9lloo 

1- 

1139921 
IOaPOl 
Io721 II 

83 13215 
1440666 
7647010 

79140 
7440393 
74am 

7 85% 
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Y 
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Y 
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Y 

y .  

Y 
I 
Y 
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lr 
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Y 
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Y 
Y 
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Y 
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Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
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CMu CAS P(ua&ct Air Wapn 

43 
44 
45 
46 
41 
48 
49 
50 
SI 
52 
53 
54 
5s 
S6 
S l  
58 
59 
60 
61 
62 
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64 
65 
66 
61 
68 
69 

71 
12 
13 
14 
1s 
16 
17 
78 
19 
80 
81 
82 
D 
84 

m 
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Y 
Y 
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Y 
Y 
91 
Y 

Y 
Y 
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83 
86 
87 
88 
89 
90 
91 
92 
93 
94 
9s 
96 

I .1,2-TRICMU)RO€?MANE 
ARSENIC 
CYANIQE COMFOUNDS 
CHLORINE DIOXIDE 
ACRYUC ACm 
I .3-01C11~ROPROPYLENE 

CHUROBWZENE 
I .&DIOXANE 
D1(2-IETWYUIUM) W T E  (DEHP) 
BERYLLIUM 
cHu)RoFoBhd 

I ,I-BUTYLENE OXdDb 

Y 
Y 

79lm Y 
7440382 Y 

57125 
1-9044 
79lQ7 
U27% 
1-7 
1WW7 
02391 0 
0 07817 

144W I7 
67a 

If 
Y 

Y 

Y 

Y 
Y Y '\I 

Y 
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The purpose of thh appendix h to f d k k  the reader with the variety of EPA 
The methods that are available for analyris of poMutlpnts of concern in risk asseument- 

appendix facilitates appropriate method selection for poflutmts in the matfix of interest. 

Appendix XI1 consiSts first of a summary of defiioms of commonly used detection 
limits and quanhtion Tables I. I& and III Wkt detedon b i t  ertimatW achievable 
for 33 orgariic arnd inorganic polhrtants of poontial coacern bo risk assesmeat in air, roil, and 
water matrices respaxively. The detecaon * Ihiu littee herein am provided for guidance and 
may not always be achievable. Specitic qnautitation l i m b  are highpy 8patrix-depmdent- 

Tables V-A and V-B provide ~PII additional ComparieOn of d y t i c a l  naethodologies for 
selected organic compouad classes and inorganic d y t e s  h c h d h g  method detection ranges 
and the applicable analytical system and prepanation procedures. 

oSource: CLP Statistical Lhtabase (STAT). 
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ANALYTEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCEnTTLE OF METHOD 

ORGANOCHLORlNE PESTICIDES IAROCLORS 

EPA AIR METHOD T W  'Method for'h UleEemi~tioa~ of OrgamxMohe 
Pesticides d P o l y c h h k t d  Biphenyls m Ambimt Air' 

Chlordane 
57749 

OC-IECD 

OC-ECD p.p'-DDE 
72559 

EPA AIR METHOD TO4 ' M d o d  for Ibe Delmmmt iomofo?gmad* 
Pesticides and Polychlorinrlsd Bipbeayls inn Amhian6 Air' 

' m-m p,p'-DDT 
50293 

EPA AIR METHOD TO4 'Method for Ihe Detcarmnr tiomof 
Pesticides and P o l y c l d o r i m ~  Bipheayls in Ambient Air' 

NA 0C-M EPA AIR METHOD TO-14 'Tbe Det- of Volatile Organic 
(VOCs) in Ambient Air Using SUMMA PassivateB Cmniatm !hmphug pad 0.a 
C B r o r n a t O ~ c  Aaalysis' 

OC-MS NA 

'I, 1.2.2- 
t e t r a c h l o d m e  
79345 

Bc-MS NA 

I .28jch9oroelBcane 
107062 

EPA AIR METHOD TO-2 'Method for the !Ietmmm - tim of voaipe o l g d c  
Compounds in Ambient Air by Cubon MolbCPlaP Sieve Adaorptiaan mad Gas 
c h r O m p r 0 g ~ f i y - M ~  S~~C~IQIQ&Y ((IC-MS)' 

W-MS NA 

I .2-dichloropropame 
70015 

EPA AIR METHOD TO-14 'The Dtcerminarioa of Volatile Organic Chnpmds 
(VOCs) io Ambient Air Usiag SUMMA Passivated CauisUu Sampling PDB Gas 
( 3 u O m l t o ~ h i C  AMlysis' 

GC-MS , NA 



APPENDIX IUI 
TABLE 1 

METWQM AND DETE~IONIQUANTITATION LIMl"S IFOR S!RWWBEID ANALYTES OF CONCERN TO RISK ASSESSMEN" 

AIR MATRICES 
ANALYTEI 
COMMON NAME INSTRUMENT- QU ANTITATION I 
CAS NUMBER METHOD REFERENCWITLE OF METHOD ATIQN DETECIION LIMIT 

I ,4-dichlombeazene EPA AIR METHOD TQ-I 'Method for the IldermidiOn of Vohlile t h a n k  GC-MS NA 
'906467 Compounds in Ambient Air Using Temx Adsorption d Gas chnwslogr;phy- 

MW S~SC~IVIIWV (GC-MS)' 

EPA AIR METHOD TO-14 7 h e  Determidm of Volatile Organic Compormds 
( V m )  in Ambiant Air Using SUMMA Passivated Canister slmplling Ond Gas 
ChPO~graphic  Analysis' 

EPA AIR METHOD TO-3 'Method for tbe IMmmmt~ - *m of VoleEih ckgrpnic 
Compounds in Ambient Air Using Cryogenic Precancentratim Techaiquts pnd Om 
Chromatography with Flem Poaization a d  Electron Capture Dc!ectim" 

c 
EPA AIR METHOD TO-I 'Method for the I h k n m d ~  -011 of VoPlPOile o r p i c  

0 4 71432 Couqxnds io Ambient Air Using Teaex Adsorprim Md Om Chnmtogmpby- 
M m  Sps~lr~metry (GC-MS)' 

EPA AIR METHOD TO-14 'The Determination of Volatile Organic Cornpotmas 
(VWs) in Ambient Air Using SUMMA Passivated Cdstar  Sampling eund Gas 
chnrmetograpbic Aoplysis' 

Chloroechene 
(Vinyl Chloride) 
750 14 Chromatographic Analysis' 

EPA AIR METHOD TO-14 The Detennimatioa of Volatile Organic Compounds 
(VOCs) ih Ambient Air Using SUMMA PssSiveted Cankter Sampling pnd Gas 

Dichloromethme 
(Methylene Chloride) 
75092 Chromatographic Analysis' 

EPA AIR METMOD TO-I4 'The DetenninsUion of Voldle Orgs6c Conqwnrads 
(VOCs) in Ambient Air Using SUMMA Passivated Canistcu Sampling and Gas 

OC-MS NA 

GC-FIDI NA 
GC-ECD 

OC-MS NA 

OC-MS 

W-MS 

3 EQL = 6.0 mglm 

NA 

OC-PIDI NA 
W-ECD 

OC-MS NA 

GC-MS NA 



m m m  

ANALYTEl 
COMMON NAME 
CAS NUMBER 

INSTRUMENT- QUMUTATIONI 
ATIQN DETECTION LIMIT METHOD REFERENCElTITLE OF METHOD 

Dichloromethane 
(Methylene Chloride) 
75092 

GC-FIDI 
GC-ECD 

NA EPA AIR METHOD TO-3 'Method for the Delerrrmua ' tion of Vdatile Organic 
Compounds in Ambient Air Using Cryogenic Pmxmustration Techniqua~ mod Gas 
Chromatography with Flame Ionization end Electron Capture De(eCti0n" 

Ethenyl Benzene 
(Styrene) 
100425 

CC-MS EPA AlR METHOD TO-14 "The Mernainati& of Volatile Or& Comlpotllnds 
(VOCs) in Ambient Air Using SUMlMA pesSivatedcSnist# Sampling d C3rs 
Chromatographic Adysis'  

NA EPA AIR METHOD TO-3 "Method for the Ihtermm . ~ O f V o l a t i h ~  
Compolmds m Ambieat Air Using Cryogenic P-Mm T t s i k p e s  d Om 
Chrometography with Flame lmiuatioa land Electron CmphPn bteictioo' 

GC-FIDI . 
CC-ECD 

Tetrachloroethene 
(Tetrachloroethylene) 
127184 

ac-ws EPA AIR METHOD TO-1 'Metbod for the IMerawm * 

Compounds in Ambienl Air Using Teaax Adsorption a d  Gas C h m b p p h y -  
MOSS speetromttry (GC-MS)" 

tiam of Voktile Or@C NA 

3 EDL = 50 wglm EPA AIR METHOD TO-14 'The Determination of Vohtile Orgamic (hmpomds 
(VOCs) in Ambient Air Using SUMMA Pnss~vatal CQnisLer sannplingaad Gas 
chnrmatographic AMIysis' 

OC-MS 

EPA AIR METHOD TO-3 'Method for the DetemuW * '00 of volatile Orgallie 
CompouMis in Ambient Air Using C r y o g ~ c  Precmceatnatiaa T s c b n i v  ad Gas 
Chromatography with Flame Ionization and Electroa Capture de ion" 

OC-FIDI 
OC-ECD 

PIA 

EDL = 2m.I rngIm3 Tetradoromethane 
(clh Tetrachloride) 
56235 

EPA AIR METHOD TO-14 T h e  Qetermimtion of Volatile Orgmic Compound8 
(VOCS) in Ambieot Air Using SUMMA Passivated W s t e r  Sampling d Gas 
Chromatographic h l y s i s '  

CC-MS 
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ANALYTEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCBmTLE OF METHOD 

UNSTWWMEMT- QUANTi"ATlQN/ 
ATION QETECTPOPd LIMIT 

Tetraclhlomdrme lEPA AIR METHOD TO-2 'Method for ohe Detedmtion of Voletile Organic GC-MS NA 
(Carkm Telracbioride) C o v n d s  in Ambient Air by c l r b o ~  M o l d m r  Sieve Admption d Gas 
56235 Chromalogrpphy-Mm S ~ & N B ~  (GC-MS)' 

TuicPlloPomethme 

67663 
(ChDorofom) 

EBA AIR METHOD '60-114 'Tke Dcaenmnr * t i a  of VoDatiL Qrgpmic Cbmpomk 
(VOCs) in Ambieat Air USmg SUMMA PrpssiVated (histex senrplig a d  Gas 
cBromouogm~c AMlysh' 

6 C - P 18) / 
OC-ECD 

GC-MS 

GC-MS . 

GC-FUDI 
GC-ECLD 

NA 

INA 

NA 
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APPENDOX UUP 
TAIL& 81 

S O I I L / S E D I ~  EHATWlCES 

METHODS AND DETECTIONIQUANTITATPQN LIM~TS FOR swcnmm ANALYTES OF CONCERN TQ RBK ASSESMRZDJT 

ANALYTEI 
COMMON NAMlE 
CAS NUMBER METHOD REFERENCE1 TITLE OF METHOD 

9NORGANPCS 

Arsenic 
7440382 Multi-Media. Multi-Conceataation' 

ClLP SOW METHOD lNQRG 'Statement of Work for lnorgmics Analysis - 

Beryllium 
74404 17 

5 

Cadmium 
7440439 

GPAA-ICP r n L  = 2.0 la& 

MCAWW METHOD 2M.21SW846 M u  7060 'Arseaic (Ab& AbmpUim, 
Furnace Technique)' 

O P M  MDL = 0.P q / R g  

SW846 METHOD 6010 'Inductively Coupled Plmsmpl A U o ~ n i c ~ ~ s d o a  
Spect-OPY' 

MCAWW METHOD 2PO.DISW846 Metbod 7(p90 'Buylhm (AI~mic 
Absorption, Direct Aspintim)" 

MCAWW METHOD 21O.USWB46 Metbod 7Q91 'BesyPb (AOOnric 
ABsorption, Furnace T-)' 

SW846 METHOD 6010 'Inductively Coupled Plasm Atomic E m i d w  
SP=t-OPy' 

ICP 1EDL = 0.03 mgRg 

CLP SOW METHOD INORG "Statemeant of Work for Pnwgmics Adpsis  - OFAA-ICP- CRDE = n.0 q / k 8  
Multi-Media, Multi-Canantration' FLAME 

MCAWW METHOD 213.PISW846 Method 7130 'Cadmium (Atomic 
Absorption. Dim3 Aspiration)' 

MCAWW METHOD 213.2ISW846 Method 7131 'Cadmium (Atomic 
Absorption, Fumea Tcdmique)' 

FLAME IMDL - 0.4 q / k g  

O F M  MDL - 0.08 mgkg 



AP!P!ENDIX 111 
TABLE II 

METHODS AIW) DETECTI~N/QUANTlTATION LIMiTS FOR SPECIIFLIED ANALYTES OF CONCERN TO RlSK ASSESSMEN9' 

ANALYTW 
COMMON NAME 
CAS NUMBER 

QU ANTUTATPON I 
DETECTKIN UMUT METHOD REFERENCE/ TITLE OF METHOD 

Cadmium SWS46 METHOD 6010 "Inductively Coupled P h m p  &oak Emission K P  BDL = 0.4 mgkg 
7440439 SpectroscopY" 

GFAA-ICP- 
IFLAME 

Chromium. Total 
7440473 

CLP SOW METHOD lNORG 'Statement of Work for Inorganics Annlysis - 
Multi-Media, Mdti-Coacemtnation' 

MCAWW METHOD 218.llSW846 Metbod 7190 'Chromium (Atomic 
Absorption, Direct Asghation)' 

FLAME MDL = 5.0 mglltg 

MCAWW METHOD 288.USW846 Method 7191 'Chromium (Atomic 
Absouptioa. Funrece Teclmiqye)' 

GFAA MDE = O.'O mglltg 

BDk - 0.7 mgkg 

MDL = 100 mgkg 

SWS46 METHOD 6010 'inductively coplpled Plasm Ab& Emission 
Spectroscopy' 

Chromium, MexnvnBerPI 
7440473 Extracts' 

SW846 METHOD 7195 'Chromium Hemvdat (Cuprscipitatim) for EP 

MDL = QO mglkg 

MDL = 20 mgntg 

SW846 METHOD 78% "Chromium ~Hexmvdemt ( C o l o r i d c )  bbr EP Extracts' 

PLAkaE 

SWM METWOD 7198 'chroanium Hexavalent (Difkmtid Pulse PoUuogrrpghy) 
for BP Bxtracts" 

MDL = 20 mg&g 

Cyanide, T ~ t a l  
57-182-5 

CLP SOW for Inorganic Analysis-Multi-Media, High C h c a h t i  00 

S M E W  Method 4504) CN, C, D, E, F, Total Cyanide after Distillation Calorinaeta- 
Titoirnetric- 
Don-Selective 
LEk tde  

EDL = 2.0 mglkg 
EDL = 5.0 ~ A C B  



ANALYTEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCE/ " L E  OF METHOD 

Cyanide, 
Total & 
Amenable to 
Chlorination 

SW846 Melhodl9010, Total and Aamdnble Cyanide (cdorimetric, nmnual~ CRDL = 1.0 mglhg 

Lead 
743992 I Multi-Media, IMulti-Concentration' 

CLP SOW METHOD INORG 'Statement ob Work for Inorganks AunmIysiS - 

MCAWW METHOD 239.llSW846 Method 7420 'Lead (Atomic Absorption, 
Direct Aspiration)' 

FRAME MDL = 10 mgRg 

Mercury 
7439916 

MCAWW METHOD 239.21SW846 Method 7421 'Lead (Atomic Absorption, 
Furnace Technique)' 

GFAA MDL = 0.1 n@g 

SW846 METHOD 6010 'Inductively Coupled Plasm Atomic Emission 
Spectroscopy' 

CLP SOW METHOD lNORG "Statement of Work for Inorganics Adysis  - 
Multi-Media, Multi-Concemtration' 

MCAWW METHOD 245.5 'Mercwy in Sediment ( M d  Cold Vp~or 
Technique)' 

UCP 

CVAA 

EDL = 4.2 mgkg 

CRDL = 0.1 eng~g 

CVAA MDL = 0.2 mgntg 

SW846 METHOD 7471 'MWCUV in Solid Or Semidid Wute ( M d  Cold- 
Vapor Technique)' 

CVAA MDL = 0.11 mgkg 

ORGANOCH~LORINE PE STICIDES/AROCLORS 

Aroclor 1260 
(PCB- 1260) Media, Multi-Concentration' 
11096825 

CLP SOW METHOD ORG 'Statement of Work for Organics Analysis - Multi- GC-Em CRQL = 33 ragkg 

CLP SOW METHOD QTM 'Chemical Analytical Services for Multi-Mdia, 
Multi-ConcentrPtioo Samples for Organic Analysis by Quick Tu& Ope 
Chromatography Techniques' 

GC-ECD CRQL = 33 ug/kg 



ANAl.nEt 
COMMON NAME 
CAS NUMBER METHOD REFERENCE1 TITLE OF METHOD 

chlordane 
57749 Media, OHulti-Conccmtmtion" 

CLP SOW METHOD QRG 'Statement d Work for Orgrpnig Andy& - Multi- GC-ECD CRQL = 1.7 ug&g 

CLP SOW METHOD QTM (Alpha and Gamma) 'Chemical Analytical Ssrvicea 
for Multi-Media, Multi-Conceotwtion Samples for Organic Analysis by Qukk 
Turnround Gas Chromatography Techniques" (CRQL is ffor Gamma cModvmc) 

GC-ECD CRQL = 3.3 lagkg 

SW846 METHOD 808Q 'OrganocMorbe Pesticides and PCBs' GC-ECD PQL = 9.0 uglkg 

Dieldrin 
. 60571 

5. 
OI 

Heptachlor 
76448 

Lindane 
58899 

CLP SOW METHOD QRG 'Statement of Work for eganics Analysis - Mdti- 
Media. Multi-Concentration' 

ax-ECD CRQL = 3.3 ugkg 

SW846 METHOD 8080 'Organochlorine !Peaticides and PCBs' GC-ECD PQL = 1.3 ugkg 

SW846 METHOD 8080 'OrganocMorinC Pesticides d PCBs' OC-ECD PQL = 2.0ugRgl 

CRQL = 1.7 u g h  C W  SOW METHOD ORG 'SUakmmt off Woph for Organics Analysis - Multi- GC-ECD 
MscsiO. Mdti-CoocentmPtion" 
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ANALYTW 
COMMON NAME 
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD 

p.p'-DDE 
72559 Mcdie, Multi-Coaceatration' 

CLP SOW METHOD ORG 'Statement of Work for Organics Analysis - Multi- 8 C - B r n  CRQL = 3.3 olgleg 

CLP SOW METHOD QTM 'Chemical Anrlytical Smi- fop Mdti-MwEia. QC-ECD CRQ, = 3.3 08- 
Multi-Concenlmtion Sornples for Organic Aoalpis by Quick Tummnmd Gas 
Chroumtogropby Tahiques' 

SW846 METHOD 8080 'Organochlorine Pesticides d PCBs' GC-ECD PQlL = 2.7 ugkg 

p,p'-DDT 
50293 

CLP SOW METHOD ORG ' S W m t  of Wok fa 
Media, Multi-Concentration' 

Ansly~M - Mdti- OC-ECD CRQL - 3.3 q/kg 

CLP SOW METHOD Q'U'M 'Chemicsll Analytical Seavicar for Multi-Media, 
Multi-Concentration Samples for Organic Aarlysie lby Qnkk ' h m m m d  Gas 

o c - B D  CRQL = 3.3 q/kg 

chrornatogrpphy T e c ~ u e s "  

SW846 METHOD 8080 'Orgmochlorine Pesticides d p@Bs" OC-ECD mi- = a.olIg/kg 

SEMIVOUITUL E COMPO UNDS 

Benzo <a> pyrene 
50328 Media, MdPi-ComxmUralim' 

CLP SOW METHOD ORG 'Statmeat of Work for Organics Analysis - Multi- OC-MS CRQL = 330 ugkg 



ANALYTEl 
COMMON NAME 
CAS NUMBER METHOD REFERENCEI TPTLE OF MFI'HOD 

SW846 METHOD 8310 'Mpwleu Arometic Hydr-' HPm 

GC-MS 

PQL = 15 ug*g 

CRQL = 330ug/kg B i ~ - ( 2 - D i ~ h l o d y l )  
ether 
1 111444 

CLP SOW METHOD ORG 'SLalerneaO of Wod for Organics Anspyis - Multi- 
Media, Multi-C+ceatrstioa' 

GC-MS Bis-(2ethylhexyl) 
phthalate 
1 I7817 

CLP SOW METHOD OR6 'SUatemeat of Work for Orgaaics Analysis - Mdti- 
Media, Wulli-Conccatration' 

SW846 METHOD U M O  'phtholnte Esters' GC-EO 

CaC-MS 

N-nitrosodi- 
phenylamine 
863m 

OC-MS CRQL = 330 ugkg 

oc-MS PQL = 66Q ugkg 

oc-MS 

CaC-PiED 

QC-MS 

PQL = 0.7 ugntg 

PQL = 5.0 ugkg S W M  METHOD 8240 'Gas Chromtography-Mass S p c t m u d q  for Vohuib 
OrgrInics' 



APPENDUX 110 
TABLE II  

METllODS AND DETECTlONlQUANTlTATION LIMITS FOR SPECUFUED ANALWES OF CONCERN TO REK ASSESSiMEN" 

SQLISEDIMENT MATRUCES 

ANALYTEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCE/ nTLE OF METHOD 

INmUWENT- QUANTlTATnONl 
ATlON DETECTION LBMIT 

I ,  I dichloroelane CLP SOW MlETHOD QTM 'Chemical Analytical Services for Multi-Media, GC-PID CRQL = 40 ugRg 
75343 Multi-Concentration Samples for Organic Analysis by Quick Turaanwnd Gas 

Chromatography Techniques' 

I ,  I dichlorc~theme CLP SOW METHOD ORG 'Statement of Work for Organics Analysis - Multi- OC-MS CRQL = OOugRg 
75354 Media, M ul t i -Concea t rat ion' 

CLP SOW METHOD QTM 'Chemical Analytical Services for Multi-Media. GC-PID CRQL = 40 ugRg 
Multi-Concentration Samples for Organic Analysis by Quick T u ~ n a d  Ggs 
Chromatography Techniques' 

SW846 METHOD 8240 'Gas Chromatography-Mass Spectrometry CW Volatile GC-MS . PQL = 5.0 ugRg 
L. 4 Qrganics' 
W 

I ,  I ,2-tnchloroelhane 
79005 Media, Multi-Concentretion' 

CLP SOW METHOD ORG 'Statement of Work for Opgmks Anollysis - Multi- GC-MIS CRQL = 10ugRg 

PQL = 0.2 ugRg SW846 METHOD 8010 'Halogenated Volatile Organics' GC-ELCD 

PQL = 5.0sgkg GC-MS SW846 METHOD 8240 'Gas Chromatography-Mass Spectrometry for VoUatile 
Organics' 

I ,  I .2,2- 
tetrachloroethane Media. Multi-Concentration' 
79345 

CLP SOW METHOD ORG 'Statement of Work for Organics hlys i s  - Multi- GC-MS CRQL = 10logRg 

CLP SOW METHOD QTM 'Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas 
Chromatography Techniques' 

GC-ECD CRQL = 80 ugRg 

SW846 METHOD 8010 'Halogmaled Volatile Organics' 

SW846 METHOD 8240 'Gss Chromntogmphy-Mass Spectrometry for Volatile 
Organics' 

GC-ELCD me = 0.3 llgtkg 

GC-MS PQL = 5.Q ugRg 



APPISNDJIX 111 
TABLE 00 

METHODS AND DETECTIONIQUA~ITATlON LlMlTS FOR SF'IECDBilED ANALYTES OF CONCERN TO REK ASsWMlENT 

SOJIL/SEDUMEN" MATRECES 

AN ALYTEl 
COMMON NAME 
CAS NUMBER METHOD RlEFERENCEl TlTLE OF METHOD 

BNSTRUMENT-' 
ATION 

QU ANTITATION/ 
DETECTION LIMIT 

I ,2-dichloroethane 
107oQ2 ~Medin, MultiConcentmtion' 

CLP SOW METHOD QRG 'Statement of Work for Orgwics Analysis - Multi- GC-US CRQL = lOugkg 

CLP SOW METHOD QTM 'Chemical halytical Services for Multi-Media. 
Multi-Concentration Samples for Organic Analysis by Qui& Turaprclund Gas 
Chromatography Techniques' 

SW846 METHOD 8010 "Halogenated Volatile Organics' 

SW846 METHOD 8240 'Gas Chromatography-Mass Spectrometry for Volatile 
Organics' 

5 0,2dichloropropane CLP SOW METHOD ORG 'Statement of Work for Organics Analysis - Multi- 
78875 Media, Multi-Concembalioo' 

~I.4-dichlorobenzene 
106467 

Barme 
71432 

SW846 METHOD 8240 ''Gas Chromatagrpphy-Mss Spectaometry for Volatile 
Qrgaaics' 

SW846 METHOD 8010 'Haloge,nated Volatile Organics' 

SW846 METHOD 8010 'Halogemled Volatile Organics' 

SW846 METHIQD 8020 'Aromatic Volatile 0rganiai' 

CLP SOW METHOD ORG 'Stmtepnen( of Work for 0rgmics Analysis - Multi- 
Media. Multi-Concentration' 

CLP SOW METHOD QTM 'Chemical Analytical Services for Multi-Media, 
Hulti-Conceobtiw SampUes for Organic Analysis by Quick 'hmammd Om 
ChromPtogmphy Technique$ 

GC-PID 

GC-ELCD 

GC-MS 

GC-MS 

GC-MS 

GC-EWD 

G C - E m  

GC-PID 

GC-MS 

GC-MS 

GC-PED 

CRQL = 40ugkg 

PQL = 0.3 ugkg 

PQL -5.0 ugkg 

CRQL = 10 uglkg 

PQL = 5.0 uglkg 

PQL = 0.4 ugkg 

BQk = 2.4 ugRg 

PQL = 3.0 ugkg 

PQL = 660 ugng 

CRQL = 10llgRg 

CRQL = 40 ugkg 



APPENDIX 188 
TABLE I1 

METIPODS AND DETECTIION/QUAN"ITATION LlMlTS FOR SPECIFIED ANALVTES OF CONCERN TO RlSK ASSESSMENT. 

SOL/SEDIMENT MATRICES 

A N'ALY TE/ 
COMMON NAME 
CAS NUMBEH 

INSTRUMENT- 
ATUON 

QUANTITATIQNI 
DETECTlOM UMBT METHOD REFERENCE/ TITLE OF METHOD 

SW846 METHOD 8020 'Aromatic Volatile Organics' GC-PID PQL = 2.0 ugtkg Benzene 
781432 

SW846 METHOD 8240 'Gas Chromatography-Mass Spectrometry for Volatile 
Organics' 

GC-MS PQL = 5.QNughg 

Ch loroet hene 
(Vinyl Chloride) 
750 I 4  

CLP SOW METHOD ORG 'Statement of Work for Organics Analysis - Muld- 
Media, M ul t i -Concentration' 

GC-MS CRQL = 10 q / k g  

GC-PID CRQL = 40 ugRg CLP SOW METHOD QTM 'Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quick Tunnaround Gas 
Chromatography Techniques' 

PQL = 1.8 ughg 

PQL - IOugAkg 

SW846 METHOD 80 I O  'Halogenated Volatile Organics' 

SW846 METHOD 8240 'Gas Chromatograpby-Mass S p t m m e h y  for Volatile 
Organics' 

Dichloromelhane 
(Methylene Chloride) 
75092 

OC-MS 

GC-MS 

CRQL = no agRg 

PQEL = 5.0ugRg 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concatration' 

SW846 MlETHOD 8240 'Gas Chromatography-Mass Spectrometry br Volatile 
Organics' 

Ethenyl Benzene 
(Styrene) 
100425 

CLP SOW METHOD ORG 'Statement of Work for Oaganics Analysis - Multi- 
Media, Multi-Concentration' 

GC-MS CRQL = 10 uglhg 

GC-MS 

GC-MS 

PQL = 5.0ugRg 

CRQL = PO ugRg 

SW846 METHOD 8240 'Gas Chromatography-Mass Spectrometry for Volatile 
Organics' 

Tktrachloroethene 
(Tetrachloroethylene) 
927184 

CLP SOW METHOD QRG 'Statement of Work for Organics Adysis  - Multi- 
Media. MuPti-Concentration' 



AN ALYTEI 
COMMON lNAh4E 
CAS NUMBER METHOD REFERENCE1 TITLE OF MIEXHOD 

INSTRUMENT- QUANTITATBCDNI 
ATPON DETECIYON ILlMUT 

Tet rachloroethene 
(Tetrachloroethylene) 
127184 Chmna!ognplhy Tschiques' 

CLP SOW METHOD QTM 'Chemical Analytical Sewices for MuPti-Mcdir, 
Multi-Concentration Samples for Organic Analysis by Quick Tu& Cas 

GC-PID CRQL = 40 ugkg 

SW846 METHOD 8010 'Halogenated Volatile Organics' GC-ELCD mL = 0.3 Mglkg 

SW846 METHOD 8240 'Gas Chromatography-Mass Spectrometry for Volrrtile GC-MS PQL = 5.0 ugkg 
organics' 

Tetrachloromethane 
(Carban Tetrachloride) Media. Multi-Concentration' 
56235 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- oc-MS CRQL = 10 ug&g 

CLP SOW METHOD QTM 'Chemical Analytical Sehices for Multi-Mdia, 
Multi-Concentrstion Samples for Organic Analysis by Quick Turnaround Gas 
Cbromtogmpby Techniques' 

GC-PID CRQL = 44) ug&g 

GC-ELCD PQL = 1.2ugkg SW846 METHOD 8010 'Halogenated Volatile Orgmics' 

SW846 METHOD 8240 'Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 ugkg 
Organics' 

Trichlommthme 
(Chloroform) Media, Multi-Cooceatration' 
67663 

CLP SOW METHOD QRG 'Statenrent of Work for Organics Analysis - Multi- GC-MS CRQL = IO ugAg 

CLP SOW METHOD QTM "Chenrical Analytical Services for Multi-Media, 
Multi-Conctotration Samples for Qrganic Analysis iby Quick Turnaround Gas 
Cbromabgrapby Techniques" 

GC-PID CRQL = 40 ugntg 

SW846 METHOD 8010 'Halogenated Volatile Organics' GC-ELCD PQL = 0.5 ugkg 

SW846 METHOD 8240 'Gas Chromatogmphy-Mm Spectrometry for Volatile 
Organics" 

GC-MS PQL = 5.0 ugRg 

I 



APPENDOX IIP 
T A B L E  IlU 

METHODS AND DETECTBONlQUANTlTATlQN LPMITS FOR SPECIFIIED A N A L Y E I S  OF CONCERN TO RISK A s s & s s m  

AQUEOUS M A T R I C E S  

ANALYTEl 
COMMON 1NAME 
CAS NUMBER METHOD REFERENCEmITLE OF METHOD 

INSTRUMENT- QUANTlTATlQNl 
ATIQN DETECTION LIMIT 

MQRGANICS 

Arsenic 
7440382 

c 
0 w 

Beryllium 
74404 I7 

CLP SOW METHOD INORG 'Statement of W& for Inorganics Anelysis - 
Multi-Media, Mult i -Cmmtdi tm" 

MCAWW METHOD 20Q.7lSW846 Method 6010lSMEWW Method 3120B 
"Inductively Coupled Plasm-Atomic Emission Spectrometric M e l h d  for Trrace 
Element Analysis of Water and Wastes' 

MCAWW METHOD 206.2lSW846 Method 706O/SMEWW Method 31 13B 
'Arsenic (Atomic Absorption, Furnace Technique). 

MCAWW METHOD 206.3lSW846 Metbod 706PISMEWW Method 31 14B 
'Arsenic (Atomic AbsorptionGaseouJ Hydride)' Use method 206.5 fof sample 
Pnp%ratiOa 

MCAWW METHOD 206.4 'Anemic (Spectrophotometric-SDDC)" Use lnethod 
206.5 for sample preperO(i0a 

S M E W  METHOD 3500AS C "Silver D i e t h y l d i ~ m m n l e  Method' 

CLP SOW METHOD INORG "Statemeat of Work for Pnoagenics Analysis - 
Multi-Media, Multi-Concentmtion' 

MCAWW METHOD 200.7/SW846 Method 60101SMEWW MeOlod 31208 

Element Analysis of Water and Westes' 

MCAWW METHOD 210. I 'Beryllium (Atomic Absorption, D i d  Aspiration)' 

MCAWW METHOD 210.2/SW846 M e t h d  7 0 9 1 l S M E W  Method 31 13B 
"Beryllium (Atomic Absoaptiun, Furnece Technique)' 

' I n d u ~ t i ~ e l y  C o ~ p l d  Pl--Atomic Emission Spectrometric Metbod for Tra~e 

OFAA-ICP 

ICP 

GFAA 

'HIIDAA 

GFAA-FLAME- 
ICP 

ICP 

IFLAME 

GFAA 

C r n L  = 10uglL 

MDL = 53 uglL, 53 uglL 
EDL- 50 ug/L 

MDE L= I .O Ug&, 1 .O O g k  

D L =  P .o uglL 

MDL = 10 ug/L 

EDL = 28.6 uglE 

CRDL = 5.0 uglL 

BDL = 0.3 uglL 

1MDL = 5.0uglL 

IMDL = 0.2 ugK, 0.2 ug/L 
EDL-0.2 UglL 



APPENDIX 100 

METHODS AND DETECTBONlQPlANTETATPON LUMITS FOR SPECIIFED ANALWES OF CONCERN TO ROK ASSIESMEN" 
TABLE tin 

AQUJEQUS MATRICES 

ANALYTEl 
COMMON NAME 
CAS NUMBER 

INSTRUM EN"- QU ANTlTATPONl 
ATlON DETECTION LIM PT METHOD REFERENCElTlTLE OF METHOD 

Beryllium 
74404 I 7  Acetylene Flame Method" MDL=S.O u g L  

SMEWW METHOD 31 IlDlSW846 Method 7090 "Direct Nitmus Oxide-' FLAME EDL- 5.0 uglL. 5.0 ug/L 

S M E W  METHOD 31 11E 'Entraction/Nilrous Oxide-Acetyleae Flam Method' FLAME EDL = 5.0 uglL 

SMEWW METHOD 35OOBE D "Aluminon Method" EDL = 5.0 ug/L @anorimcter 

Cadmium 
7440439 

CLP SOW METHOD INORG 'Stalemen1 of Work far Inorganics Analysis - 
M ulti -Mda ,  M ulti -Concent d o n  ' 

GFAA-FLAME- 
ICP 

CRDL = 5 .O uglL 

MCAWW METHOD 20.7lSW846 Method 6010lSMEWW Metbod 3120B 
'Inductively Coupled Plasm-AE~mic Emissioo Sptroooetric Method for Trace 
Elenlent Analysis of Water and Wastes' 

ICP EDk = 4.0 ug/L 
L- 

1 IS FLAME MCAWW METHOD 213.1IlSW846 Method 7130OISMEWW Method 3 
'Cndmium (Atomic Absorptron, Direct Aspiration)' 

MDL 5.0 ug/L, 5;O ~ g l L  
IDL-2.0 ug/L 

MCAWW METHOD 213.2lSWW M e h d  713llSMEWW M e h a d  3 
'Cadmium (Atomic Absorption, Furnace Technique)' 

138 GFAA 1MDL = 0. I ugllL, 0. I ug/L 
EDE=O.I uglL 

S M E W  1METWOD 31 I IC 'ExtractionlAir-Acetylene Flame Method' FRAME NA 

SMEWW METHOD 3500CD D "Dithizone Method" CODorimeter EDL = 20 uglml 

Chromium, Total 
7440473 

CLP SOW METHOD INORG 'Sta(ement of Work for lnorganics Analysis - 
Multi-Media. Multi-Concentration' 

GFAA-ICP- 
FLAME 

CRDL = 1OuglL 

MCAWW METHOD 20.7/SW846 Mahod 60101SMEWW Method 31208 
'Inductively Coupled Plasma-Atomic Emission Spectrometric Method for Trace 
Element Analysis of Water and Wastes" 

ICP E D t  = 7.0 uglL 

MCAWW METHOD 218. IlSW846 Metbod 7190lSMEWW Method 31 1 IB 
'Chromium (Atomic Absorption, Direct Aspiration)' 

FLAME MDL = 50 uglk, 50 uglL 
EDL = 2OugL 



AQUEOUS MATRICES 

ANALYTEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCEmITLE OF MlETHOD 

UNSTRUMENT- 
ATUON 

QUANTlTATlONl 
DETECTION L?MW 

Chromium. Total MCAWW METHOD 218.2 /SW846 Method 7191lSMEWW Metbod 3U 138 GFAA MDL 1 .0 Ugk,  1 .Q UgIL 
7440473 'Chromium (Atomic Absorption, F u m e  Technique)' EDL = 2.0 uglL 

MCAWW METHOD 21 8.3 'Chromium (Atomic Absorption. Chelation- 
Ex traction)' 

MCAWW METHOD 21 8.41SW846 Method 7197 'Chromium. Mexavalant 
(Atomic Absorption, Chelation-Extraction)' 

Chromum, Hexavalent 

Cyanide, Total 
57-12-5 

MCAWW 1METHOD 21 8.5 'Chromium, Dissolved Hexavalent 
Absorption. Furnace Technique)' 

S M E W  METHOD 31 1 IC 'ExtractionlAir-AcetyPeae Flame M e h d '  

SW846 METHOD 7 195 'Chromium, Hexavalent (Coprecipitation)' 
I 

SW846 METHOD 7196lSMEWV Method 3 5 W R  D 'CBlkw, Hexmvht 
(Colorimetric)' 

SW846 METHOD 7198 'chromium, Hexavalent (Differentia! Pdse 
Polarography)m 

CLP SOW METHOD INORG 'Statement of Work for lnorgmics Adysis - 
Multi-Media. IMulti-Concentration' 

S M E W  Method 450-CN. C. ID, E. F 'Total Cyanide after Distillation' 

MCAWW Method 335.2 'Cyanide. TotaO. Titrimetric Spectropbdomelric)' 

FLAME 

FLAME 

'GFAA MDL = 1.0 ug/L 

MDL = 14) ugR. 

CRDE = IOug/L 

EDL = 20 u g k  
EDD = 50 uglL 

EDL = 20 uglL 



APPENDIX IOU 
TABLE 111 

METHODS ANID DETECTIONlQUAN"ITATUON L0MR"S FOR SPECIFIED A N A L W E S  QF CONCERN TO lRBK ASSESSMENT 

AQlEOUS MATRUCES 

AN ALYTEI 

CAS NUMBER MlETHOD REFERENCE/nTLE OF METHOD ATKIN DETECTION LIMIT 

Cyanide. Total and 

COMMON NAME INSTWUMENT- QUANTlTATlONl 

SWB46 METHQD 9010A. "Total and A m b l e  Cyanide (Colorimetric. Manual) EDL = 20uglL 
A - d l e  to 
Chlorination 

EDL = 20 ug/L SW846 METHOD 9012 'Total and Amenable Cyrnide (Colorimetric, Autormated 
UV)' 

Cyanide. A&nable to 
Chlorination 

S M E W  METHOD 4S[PI)-CPJ,G 'Cyanide Amenable to Chlorination after 
Distillation' 

EDL = 20ug/L 
EDL = so ugIL 

I' 

MCAWW METHOD 335.1 'Cyanide, Amenable to Chlorination' EDL = 2OuglL 

Cyanide, Weak d 
Dissociable 

EDL = 20 uglL 
EDL = 50ug/L 

Lead 
743992 1 

CLP SOW METHOD INORG 'Stat- of Worh for laorganics Analysis - 
M ulti -0HSdia. M uP ti-Concentraticm' 

GFAA-FLAME- 
ICP 

CRDL = 3.0 ug/k 

MCAWW METHOD 2OD.7/SW846 Method 6010/SMiEW Method 3120B 
'Inductively Coupled P l ~ - A t o m i c  Emission Spectrooaetric Melhod for Trace 
Element Analysis of Water d Wastes' 

ICP 

MCAWW METHOD 239.lIWs46 Method 742OISMEWW Method 31 I IB  'Led 
(Atomic Absorption. Direct Aspiralion)' 

MCAWW METHOD 239.USWW Method 7421ISMEWW Methud 31 138 'Leiad 
(Atomic Absorptioa. Fu~nace Technique)' 

G F M  

S M E W  METHOD 31 I IC 'EnlfPctioo/Air-Acetyle~~e Flum Method' 'MA 

SMEWW METHOD 3500PB D 'Dichimnc Method' EDL = IWI ug/L 



I .  

APPENDDX UUI 
TABLEi911 

hlIETBUODS AND 'P)E~ECTUQNlQUANTUTATION LIMPTS FOR SPECBWED ANALYTES OF CONCERN TO RISK ASSESSMENT 

QUAWITATION/ INSTRUMENT- 
ANALYTW 
COMMON NAME 
CAS NUMBER METHOD REFERENCElTITEE OF METHOD ATION DETECllON LIMIT 

Mercury CLP SOW METHOD iINORGlMCAWW Method 245.1 and 245.2 CVAA CRDL = 0.2 ug/L 
7439976 'Statement of Work for lhorganics Analysis - Multi-Media, Multi-Concentration. * MDL=O.2 ug/L,O.Z ug/L 

Mercury Manual ; Mercury Automaled Cold Vapor Technique' 

S M E W  METHOD 31 112BISW646 Method 7470 'Cold-Vapr Atomic 
Absorption Spectrometric Method' 

S M E W  METHOD 3500HG C 
'Dithizone Method' 

ORGANOCHLORINE PESTlCl DESlAROCLORS 
e 
00 
4 Aroclor 1260 

I1096825 
(PCB-1260) 

CLP SOW METHOD LC-ORG "Chemical Analytical Services for &e Analysis of 
Low Concentration Water Samples for Organic Compounds by 00s 
Chromatography-Mass Spectrometry (GC-MS) and 6as Chrometognphy-Electron 
Capture (GC-ECD) Techniques' 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Mdia,  Multi-Cowxntration" 

CLP SOW METHOD QTM 'Chemical Analytical Services for MultkMdb,  
Multi-Concentration Samples for Organic Analysis By Quick T u d  Gas 
Chromatograpby Techniques' 

1EPA METHOD 608 'Organochlorine Pesticides and PCBs" 

EPA METHOD 625 'Base/Neutrals and Acids' 

EPA DW METHOD 505 'Analysis of OrganhPide Pesticides and Amclors in 
Water by Microextraction end Chromatography" 

EPA DW METHOD 508 'Qetemtination of Chlorinated Pesticides 
Gas Chrornatogmphy with a~ Electron Capture De(eCl0r" 

Water by 

CVAA 

6C-ECD 

GC-ECD 

GC-ECD 

GC-ECD 

OC-MS 

GC-BCD 

GC-ECD 

EDL= I .O ug/L 
MDL=0.2 ug/L 

EDL = 2.0uglL 

CRQL = 0.20 ug/L 

CRQL = 1.0 ug/L 

CRQL = 18.0 ug/L 

NA 

NA 

MDL = 0.889 uglL 

NA 



APPENDIX 111 
TABLE Ill1 

bfETH6)DS AND DETECTOQNIQUA~lgATlON LUMlTS FOR SPEClFlED ANALWES OF CONCERN TO RISK ASSIESSWWT 

AQUEOUS MATRICES 

ANALY TEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCEnITLE OF METHOD 

'INSTRUMENT- QU ANTITATKIN I 
1DETECTION LIMIT ATION 

Aroclur 1260 S M E W  METHOD 64 IOB "Liquid-Liquid Extraction Gas Chromatographic- OC-MS NA 
(PCB- 1260) Mass Spectromelric IMethod' 
I Irn825 

SM EWW METHOD 66308 'Liquid-Liquid Extraction Gas Chromatographic 
Method I' 

GC-MS NA 

Chlordane 
51749 

.L 

0 
0 

SM EWW METHOD 663W "Liquid-Liquid Extraction Gas Chromatographic 
Method 11" 

CLP SOW METHOD LC-QRG (CRQL is for alpha and gamma Chlordane) 
Themicall Analytical Services for the Analysis of Low Concentration Wnter 
Samples for Organic Compounds by Gas Chromatograpby-Mass Spectmme(ry 
(GC-MS) and Gas Chromatography-Electron Capture (GC-ECD) Techniques' 

CLP SOW METHOD ORG 'Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentratioa' 

EPA METHOD 608/SW846 Method 8080 'Organochlorine Pesticides and PCBs' 

EPA M ETHQD 625 'BaseRJeutrals andl Acids' 

EPA DW METHOD 505 'Ahalysis of Organohalide Pesticides andl Aroclors in 
Water hy Microextraction and Chromatography' 

EPA DW METHOD 508 'Determination of Chlorinated IPesticides in Wlaler by 
Gas Chromatography with M Electron Capture Detector' 

SMlEWW METHOD 64 IOB 'Liquid-Liquid Extraction Gas Chromatograpluc- 
Mass Spectrometric Method' 

SM EWW M ETHQD 66308 'Liquid-Liquid Extraction Cas Chromatographic 
Method I' 

GC-ECD 

GC-ECD 

GC-ED 

GC-ECD 

GC-MS 

GC-ECD 

GC-ECD 

GC-MS 

GC-M S 

NA 

CRQL = 0.01 ug/L 

CRQL = 0.05 ug/L 

MDL = 0.011 ug5  

NA 

MDE = 0.14 uglL 

NA 

NA 

1MDL = 0.01'4 ug/L 



APPENDOX 000 
TABLE 111 

METIBODS AND P)ETECTlON/UUA~ITATUQN LUMlTS FQR SPECUFIDED ANALWES OF CONCERN TO RUSK A S S E S S m  

AQUEOUS MATRICES 

AN ALY TEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCETTITLE OF METHOD 

INSTRUMENT- 
ATION 

QU ANTITATION I 
DETECTION LIMIT 

Dieldrin S M E W  METHOD 6 6 3 W  'Liquid-Liquid Extraction Gas Chromatographic GC-ECD MDL = 0.014 ugIL 
6057 I Method 141' 

CLP SOW METHOD LC-ORG 'Chemical Analytical Services for the A d y s i s  of 
Low Concentration Water Samples for Organic Compounds by Gas 
Chromatography-Mass Spectrometry (GC-MS) mi Gas C h r o m a t o g r a p h y - E ~ ~  
Capture (GC-ECD) Techniques' 

CLP SOW METHOD ORG 'Statement of Work for Organics Analysis - Mdti- 
Media. Mu1 ti -Concent rat ion' 

CLP SOW METHOD QTM 'Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Qui& Turnaround Gas 
Chronmlography Techniques" 

EPA METHOD 608/SW846 Method 8080 'Organochlorine Pesticides and PCBr' 

EPA METHOD 625 "BeselNeutrals and Acids' 

EPA DW METHOD 505 'Analysis of Organohalide Pesticides and Arodoss in 
Water by Microextraction and Chromatography' 

EPA DW METHOD 508 'Determination of ChlorinatexllPesticides in Water by 
Gas Chromatography with M Electron Capture Detector' 

S M E W  METHOD 64 IOB 'Liquid-Liquid Extraction Gas Chromalogmphic- 
Mass Spectrometric Method' 

S M E W  METHOD 66309 "Liquid-Liquid Extraction Gas Chromatograpbic 
Method I' 

S M E W  M ETHQD 663QC 'Liquid-Liquid Extraction Gas Chromatographic 
Method II' 

GC-ECD 

GC-ECD 

GC-ECD ' 

GC-ECD 

GC-MS 

CC-ECD 

GC-ECD 

GC-MS 

GC-MS 

GC-ECD 

CRQL = O.M ugIL 

CRQL = 0. I1 ug/L 

MDL = 0.002 ugIL 

MDL = 2.5 ug/L 

MDL = 0.012 ugIL 

EDL = 0.02 ugIL 

MDL = 2.5uglL 

MDL = 0.m ugIL 

MDL = 0.02  ugIL 



APPENQIX 1011 
TABLE 111 

METHODS AND DETECTION/QUANTWATlON LDMUTS FQR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTEl 
COMMON NAMlE 
CAS NUMBER METHOD REFERENCElTITLE OF METHOD 

INSTRUMENT- QUANTITATION/ 
ATION DETECTION LIMIT 

Heptachlor CLP SOW METHOD LC-ORG 'Chemical Analytical Services fop (he Analvsis OF CRQL = 0.01 ug/L 
76448 Low Concentration Water Samples for Organic &mpounds by Gas 

Chromatography-Mass Spectrometry (GC-MS) and Gas C h r o m t o g m p h y - E l ~  
Capture (GC-ECD) Techniques' 

. 

CLP SOW METHOD ORG 'Statement of Work for Organics Analysis - Multi- 
M dia. MuU-&centrat ion' 

CLP SOW METHOD QTM 'Chemical Analytical Services for Multi-Media, 
Multi-Coacentration Samples for Organic Analysis by Quick Turnaround Gas 
Chromalogrrspby Techniques' 

EPA METHOD 608ISW846 Method 8080 'Orgaaochlorine Pesticides and PCBs' 
L 

Y) 
0 

EPA METHOD 625 'Base/Neutrals pand Acids' 

EPA DW MEmOD 505 'Analysis of OrgPnohaQide Pesticides end A~orlors iO 

Water by Microextraction mud Cammtography' 

EPA DW METHOD 508 'Decennination of Chloriasped Pesticides in Water by 
Gas Chromatography with an Electron Capture De#ecUor' 

EPA DW METHOD 525 'Determination ob Organic Compornnds in Daialring 
Waler by Liquid-Solid Extraction and Capillary Colum 0s ChromaPogwpBy- 
Mass Spectrometry' 

S M E W  METHOD 64108 "Liquid-Liquid Extraction Gas Chromatographic- 
Mass Spectrometric M a '  

SM EWW METHOD 66308 'Liquid-Liquid Exlractian Gas Chromatographic 
M e l M  P o  

SM EWW METHOD 663OC "Liquid-Liquid Extraction Gas Chmmtogmphic 
Method 11' 

m m I 'I m 

GC-ECD 

GC-ECD 

GC-ECD 

GC-ECD 

GC-MS 

GC-ECD 

OC-ECD 

GC-MS 

GC-MS 

GC-MS 

GC-ECD 

CRQL = 0.05 uglL 

CRQL = 0.1 uglL 

MDL = 1.9 ug& 

MQL = 0.03 aglL 

MDL = 0.03  ug/L 



APPENDIX n u n  
TABLE UOil 

METHODS AND DETECTlONlQUANTlTATUON LBMllTS FOR SPECOWED ANALWES Off C(dPdCEm TO RISK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTEl 
COMMON NAME 
CAS NUMBER 1METHOD REFERENCElTlTLE OF METHOD 

INSTRUMENT- QU M I T A T I O N  l 
DETECIIQN LIMIT ATlON 

Lindane 
58899 

CLP SOW METHOD LC-ORG 'Chemical Analytical Services for the Analysis of 
Law Concentration Water Samples for Organic Compounds by 090 

Caplure (GC-ECD) Techniques' 

GC-ECD CRQE = 0.01 ug/L 

Chromtography-MSs SptmFe(ry (GC-MS) d Gas C k m e y - E k t m  

p,p'-DDE 
72559 

CLP SOW METHOD 'Statement of Work for Organics Analysis - Multi-Media, 
Mu1 ti-Concent ration. 

CLP SOW METHOD Q f M  'Chemical Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quick Tu- Gas 
Chromatography Techniques' 

EPA METHOD 608lSW846 Method 8080 'Organochlorine Pesticides and RBs' 

EPA METHOD 625 'IBaselNeutrals and Acids' 

EPA DW METHOD 505 'Analysis of OrgrrwbaPide Pesticides and ArocUom in 
Water by Microextraction and Chromatogmphy' 

EPA DW METHOD 508 'Determination of Chlorinated Pesticides h Watalby 
Gas Chromatography with an Electron capture De(ector' 

EPA DW METHOD 525 'Ddenninalionof Organic Compounds h Drinking 
Water by Liquid-Solid Extraction and Capillary Column Gas ClmmmtograpBy- 
Mass Spectrometry" 

CLP SOW METHOD LC-ORG 'Chemical Analytical Services for che Analysis of 
Low Concentration Weta Samples for Organic Compounds by Gas 
C h r o ~ I ~ ~ p h y - M ~  S p t r o m e t v  (GC-MS) end Gar Chao-grapby-Ektm 
Caphrn (GC-ECD) 'kecbniqMeS' 

CEP SOW METHOD ORG 'Statemeot of Work for Organics M y s L  - Multi- 
Media. Multi-Concentration" 

GC-ED 

GC-ECD 

GC-ECD 

GC-MS 

GC-ECD 

GC-ECD 

BC-MS 

GC-ECD 

GC-ECD 

CRQL = 0.5 uglL 

CRQL = 0.1 Ug/L 

MDL = O.O09ug/L, 
0.004 UglL 

MDL = 3.1 uglL 

MDL = 0.003 uglL 

EDL = 0.015 ugl& 

CRQL = 0.02uglL 
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APPENDIX 111 
TABLE 1111 

METMODS AND QEgECTIONIQUA~UTATlON LIMITS FOR SPECBFiED ANALYTES OF C0NCEW TO RISK ASSESSMEFQ 

AQUEOUS MATRICES 

ANALYTEl 
COMMON1 NAME 
CAS NUMBER METHOD REFERENCEmTLE OF METHOD 

INSTRUMENT- 
ATION 

QUANTlTATDONl 
DETECIIION LIMIT 

p,p'-DDE CLP SOW METHOD QTM "Chemical Analytid strvices for Multi-Medii, GC-ECD CRQL = 0.1 uglL 
12559 Multi-Concentration Samples For Organic Analysis by Quick Turnaround Gas 

Cbromatography Techniques' 

Np.p'-DDT 
50293 

EPA METHOD 6081SW846 Method 8080 ' Q r g d l o n n e  Pesticides and PCBs" 

EPA MtETHOD 625 "BaselNeuirals and Acids' 

EPA IDW METHOD 508 'Determination of Chlorinated Pesticides in Water by 
Gas Chromatography with rn Electron Capture Detactor' 

SMEWW METHOD 64 IOB 'Liquid-Liquid Extraction Gas Chromatographic- 
Mass Spectrometric Metbod' 

SMEWW METHOD 6630B 'Liquid-Liquid Extraction Gas cbrolmetograpbic 
Method I' 

SMEWW METHOD 663W "Liquid-Liquid Extraction Gas Chronaatogpphk 
Melhod 11' 

CLP SOW METHOD LC-QRG 'Chemical Analytid Services for the Analysis ob 
Low Concentration Water SampBeS for Orgenic thgmmds by Gas 
Chromatography-Mess Spectrometry (GC-MS) a d  Gas ClnronraDogrraphy-Electr~n 
Capture (GC-ECD) Techniques' 

CLP SOW METHOD ORG 'Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentration' 

CLP SOW METHOD QTM 'Chemical1 Analytical Services for Multi-Media, 
MultiConcentmtion Samples for Organic Analysis by Quick Tunmound Gas 
Chromatography Techniques' 

EBA METHOD 608lSW846 Method 8080 'Organochlorine Pesticides and WBs' 

GC-ED 

GC-MS 

GC-ECD 

GC-MS 

GC-MS 

GC-ECD 

GC-ECD 

GC-ECD 

GC-ECD 

GC-ECD 

MQL = 0.004 OrglL 

MDL = 5.6 u g h  

EDL = 0.01 u g n  

MDL = 5.6 uglL 

MDL = 0.004 uglL 

CRQL = 0.02 uglL 

CRQL = 0. I O  uglL 

CRQL = 0.1 uglL 

MDL = 0.012 uglL 



t 

AQUEOUS MAT!4UCES 

METHOD REFERENCElTWLE OF METHOD 

ANALYTEl 
COMMON NAME 
CAS NUMBER 

INSTRUMENT- QUANTITATIONI 
AWON D5TECTION LIMIT 

p.p'-DDT EPA METHOD 625 'Bdeutrmls  and Acids' GC-MS MDL = 4.7 ugIL 
50293 

GC-ECD EDL = 0.06 uglL EPA DW METHOD 508 'Determination of Chlorinated Pesticides in Wmtm by 
Gas Chromatography witb m  electron Capturn Detector' 

SMEWW METHOD 64 IOB 'Liquid-Liquid Extraction Gas Chromtogreghic- 
Mass Spectrometric Method' 

OC-MS 'MDL = 4.7 ug/R 

GC-MS MDL = 0.012 u g n  

MDE = 0.012 uga  

S M E W  1METHOD 66308 'Liquid-Liquid Extraction Gas Chrotdogmphk 
M d b d  I' 

SMEWW METHOD 663W 'Liquid-Liquid Extraction Ges Chroometogmphk 
Method 11' 

GC-ECD L 

' v )  
W 

SEMlVOLATlL E COMPOUNDS 

GC-MS CRQL = 5.0 u g k  3,5,5-trimthyl-2- 
cyclohexme- 
Pl-one (Isophomne) 
7859 1 

CLP SOW METHOD LC-ORG 'Chemical Analytical Services lor the Adyeis  ob 
Low Cwceatratiw Water Samples for Organic Compounds by Gas 

Capture (GC-ECD) Techniques' 
CbPoUtatopphy-MU SpeCtrOatq (GC-MS) end Gills Chrnto&y-EktNIQ 

CLP SOW METHOD QRG 'Statement of Work for Organics AdySis - Multi- 
Media. Multi-Concentralion' 

OC-MS 

MDL = 5.7 uglL 

MDL = 15.7 uglL 

MDL = 2 2  ugl& 

MDL = 2.2 ug/L 

GC-PID 

GC-ECD 

EPA 1METHOD 609 'Nitroaromatics and Isphorone' 

EPA METHOD 609 'Nitroaromtics and Ispborone' 

EPA 1METHOD 625 'BaselNeutmls andl Acids' GC-MS 

GC-MS S M E W  METHOD 64 IOB "Liquid-Liquid Extraction Gas Chmometographic- 
Mess Spectrometric Method' 

PQL = 10 uglL SW846 METHOD 8270 'Gas Chromtogmphy-Mess Spectrometry for 
Semivolatile Qrganics: Capillary Column Technique' 

GC-MS 



c 
(0 
P 

APPENDIX 111 
TABLE 111 

METHODS AND D E ~ E C T I Q ~ l Q U A ~ B A ~ ~ Q ~  LIMITS FQR SPECIFBED ANALYTES OF CONCERN TO RISK ASSESMEN" 

AQUJEOUS MATRICES 

ANALYTEl 
COMMON NAME 
CAS NUMBER METHOD REFERENCEITITLE OF METHOD 

INSTRUMENT- QUANTPTATPONI 
DETECIIQN LIMdT ATlQN 

CRQL = 5.0 uglL GC-MS Benm < a > pyrene 
50328 

CLP SOW METHOD LCURG 'Chemical Analytical Smrices for the Analysis of 
Low Concentration Water Samples for Organic Compoaads by Gas 
Chromatography-Mass Spectrometry (GC-MS) and Gas Chromalogrcapby-Electron 
Capture (GC-ECD) Techniques' 

CLP SOW METHOD ORG 'Statement of WO& fop Orgkcs Aoolysi~ - Multi- 
Media, Multi-ConcentraPion' 

EPA METHOD 61OlSW846 Method 8100 'Polynuclear Aromatic Hydrocarbons' 

EPA METHOD 625 gBaselNeutrals and Acids' 

!PA DW METHOD 525 'Determination of Organic Colllpounds 6ar Drinking 
Water by Liquid-Solid Extractim and Capillary Colum Gas chronnrswn@y- 
Mass Spectrometry' 

S M E W  METHOD 64108 "Liquid-Liquid Extradim Gas ChmaaOgmphic- 
Mess Spectrometric Method' 

CLP SOW METHOD QaM 'Cbeaaical Analytical Services for Multi-Mdia, 
Mdti-CoPtceatration Samples for Qrganic Analysis by Quick TuPnonwod Gas 
cbromatogrsphy Techniques' 

S M E W  METHOD 644OB 'Liquid-Liquid Ex1ncti011 ChromnIogrrpphic M & d '  

SW846 M ETHOD 8270 'Gas Chromatography-Mass Spectrodry for 
Semivolatile Organics: Capillary column Technique' 

SW846 METHOD 8310 'Polpuclear Aromatic Hydrocerbams' 

GC-MS 

GC-FID 

GC-MS 

Qic-MS 

BC-MS 

OC-ECD 

GC-MS 

GC-MS 

HPLC 

CRQL = 10 uglL 

MDL = 0.m uglL 

MDL = 2.5 u g k  

MDL = 0.04 u g h  

MDE = 2.5 ug5  

CRQL = M ugh 

MDL = 0.023 u g h  

PQL = 110 ugn. 

MDL = 0.023 -5 



t 

AN ALYTEI 
COMMON NAME 
CAS INUMBER METHOD REFERENCE/TITLE OF METHOD 

PNSTRUMENT- QUAN?TI'ATIQNI 
ATBOFJ DETECTION LIMIT 

CRQL = 5.0 ug/L Bis-(2-Chlomethyl) CLP SOW METHOD LC-0RG 'Chemical Analytid Services fm &e Analysis ob OC-MS 
ether Eow Coacentmtion Water Sampies for Organic ComparnnBs by Gas 
I I1444 ChromaPogrephy-Ma S p e ~ t r ~ m d ~  (GC-MS) Md G ~ s  C ~ ~ & ~ - € ~ I I H I  

(GC-ECD) T ~ ~ b i q ~ d  

.. Bis (2ethylhexyl) 
phthalate 
I I7817 

EPA METHOD 625 'BndNantrarPs mnQ Acids' 

SMEWW METHOD 64POB "Liquid-Liquid Extraction Gas -- 
Mass Spectrometric Method' 

SW846 METHOD 8250 'GM Chomtography-Mass Spsctroowtry foa 
Semivolatile Organics: Packd CoPuma Tscluaique' 

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- 
Media, Multi-Conceatration' 

€PA METHOD 606 'Pbbtbpllate Ester" 

EPA METHOD 625 ' B d N m t m l s  and Acids" 

EPA DW METHOD 525 'Determination of Organic Compournds h Driaking 
Water by Liquid-Solid Extraction and CapilSslry Colunm Gas Chaoaumbgmphy- 
Mass Spectmmetry' 

a - M S  

OC-MS 

GC-MS 

OC-MS 

N - M S  

GC-MS 

OC-MS 

GC-ECD 

GC-MS 

GC-MS 

CRQL = 10 ug/L 

MDL - 5.7 mg/L 

EDL = 0.001 w/L 

MDL = 5.7 ug/L 

MDE = 5.7 u g h  

CRQL = 5.0 ug/L 

MDL = 2.0 U g l L  

MDL = 2.5 ug/L 

MDL = 0.8 ug/L 



AY0'LNI)IX 118 
TABLE 111 

METIIODS AN" DETEC"UON/QUANTITATnON LlMPTS FOR SPECIVIED ANALYTES OF CQNCE!UN TO RUSK ASSESSMENT 

AQUEOUS MATRICES 

ANALYTEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD 

HNSTRUMENT- 
ATlON 

QU ANTITA'FIONI 
DETECTION LIMlT 

Bis (2-ethylhenyl) S M E W  METHOD 641QB 'Liquid-Liquid Extracticln Gas Chromstogrrapbic- GC-MS M 0 L  = 2.5 ug/L 
phthalate Mass Sp6cpromecric MethoJ' 
I I 78 117 

SW846 METHOD 8060 'Phthalate &ten' GC-ECD 

N-nitmsodi- 5 phenylamine 
86306 

EBA METMOD 607 'Nitrosamines' 

EPA METHOD 622 ' M e u t n a l s  md Acids' 

S M E W  METMOD 64908 "Liquid-Liquid E x t m t i a  GIPS C ~ ~ W O ~ C -  
M a  SpsClp~metri~ (GC-MS) Method' 

SW846 METHOB) 8270 'Gas Chroanatognpby-~Pss Spectrometry for 
SemivolatiPe Organics: Capillary Column Tecbaique' 

VOLATILE COMWUNDS 

I ,  I 4ichloroetham 
75343 

GC-MS 

OC-MS 

oc-MIS 

OC-MS 

OC-ELCD 

GC-MS 

GC-MIS 

GC-MS 

GC-MS 

WDL = 2.0 u g L  

PQL - 10 ugn 

MDL = 2.5 ug& 

CRQL = 5.0 ug/L 

CRQL = 1QugIL 

MDL = 0.81 ug/L 

MDL = 1.9 ugk  

MDE = 1.9 ug/& 

PQk = 10 uglk 

CRQL = 1.0 ug/L 



APPENDIX 111 
TABLEIII 

METHODS ANQ DETECTUQNIQUANTlTATIQN LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RUSK ASSESSMENT 

AQUEOUS MATRICES 

AN A LYTEI 
COMMON NAME 
CAS NUMBER 1METHOD REFERENCEmTLE OF METHOD 

INSTRUMENT- QUANTlTATlONI 
ATION DETECIION LIMIT 

I ,  I-dichloroethane 
75343 

CLP SOW METHOD QTMl "Chemical Analytical Smices for Mult i -Mda ,  
Muld-Conceatration Samples for Organic Analysis by Quick TurnrprwnB GM 
Chromatograpby Tschniques' 

GC-PID CRQL = 20 Ug& 

CLP SOW METHOD ORG 'Staterneat of Work for Organics Analysis - Multi- 
Media, Multi-Comxntmtion' 

GC-MS CRQL = PO ugIL 

EPA METHOD 601ISW846 Method 801OISMEWW Melhod 6230B 'Puageable 
Halocarboas" 

OC-ELCD MDL = Q.07 uglk 

EPA METHOD 624 'Puqeables' OC-MS IMDL = 4.7 ug/L 

GC-ELCD MDL = 0.003 ug/L EPA DW METHOD 502. P 'Volatile Halogermeled Organic Co- b~ Wsla 
by Purge and Trap Gas Clmmmtogrrapby' 

EPA DW METHOD 502.2 'Volatile Organic C o w d s  in Water by Purge auni 
Trap Capillary Copum Gas Chromatography with Pboooionitalion and E h l y t i c  
Conductivity Detedm i series' 

OC-ELCD MQL = 0.07 lag& 

EPA DW METHOD 524.2ISMEWW Melhod 6210D 'M-I of purseable 
Organic Compounds in Wmler by Capillary Colunm Gas Chmmtogmphy-Mess 
SpeCtr0metl-y' 

GC-MS MDL = 0.M mg& 

S M E W  METHOD 623W 'Purge d T q  PpcLed-C~l~m Gas 
Chrometographic Method 11" 

S M E W  METHOD 6230D 'Purge and Trap Cnpillary-Colum Gas 
Chrotnetogmp6ic Methad" 

GC-MS MDL = 0.07 uglp, 

GC-ECD .. 1MA 



APPENDIX 111 
TABLE 111 

METHODS AND DETECTIQNIQUANTITATION LEMIITS FOR SPECIFLED ANALWES OF CCINCERN TO RISK ASSESSMENT 

AQUEQUS MATRICES 

ANALYTEI 
CQMMON NAME 
CAS NUMBER MlETHQD 1REFERENCElTlTLE OF METHOD 

INSTRUMENT- QUANFITATIONI 
ATION DETECTION LIMIT 

I ,  I dichloroethane SW846 METHOD 8240 'Gas Chromatography-Mass Spectrometry for Volatile GC-MS W L  = 5.0 U g / L  
75343 organics" 

I ,  I dichlorwthene 
35354 

CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of 
Low Concartnation Water Samples for Organic Compounds by Gas 

GC-MS CRQL = 1.0 ug/L 

C h m ~ ~ t o g r o g h y - M ~ ~  Spectrometry (GC-MS) d G ~ s  ChromPtography-Elsct~ 
Csptpre (GC-ECD) Fe4hique~" 

CLP SOW METMOD OR0 'Statement of Work for Organics Analysis - Multi- 
Media, Multi-Concentdon" 

c. rg CLP SOW METHOD QTM 'Chemical Analytical Services foa Multi-Math, 
MuUai-ComplttaoiOn Samples for Qrganic Adysis  by Quick T\uaannmd Gas 
Clmmmtografiy Techniques' 

0 

GC-MS CWQL = PO ug/L 

GC-ECD . ' CRQL = 2Q ug/L 

EPA MEaWOD 624 "Purgeobles' OC-PHIS 

EPA DW MWHQD 502.1 "VWUe Malogemated Organic Compomh in Water GC-ELCD 
by Purge and Trap Gas Cbmmtognphyo 

EPA DW METHOD 502.2 "Volatile Qrgmic Compounds in Water by Purge and GC-?ID 
Trap Capihy Column Gas claromlography wipb Pbocoi~izption mnd EUedrolytic 
Conductivity -tors in series' 

EPA DW METHOD 502.2 'Volatile Organic Compwnds in Water by Purge and 
Trap Capillary Column Gas Chromatography wilh BhocoioaizptiopI amdl Electrolytic 
Conductivity Detactors in Series' 

GC-ELCD 

EPA QW METMOD 524. llSWEWW Method 6210B (Method i)/sMEWW 
Methad 62lOC (Methd 11) 'Measurement ob Purgeable Organic Compounds in 
Water by Packed Column Gas Chromatography-Mess S~arometry '  

(Gc-US 

MDL = 2 8  ugn. 

MDL P 0.13 u g 5  

MDL = 0.003 PpgL 

N A  

MDL = 0.07 u g 5  

MDL = 0.2 ug/L 
. MDL = 2.8 ug/L, 2.8 ugL 



AQUEOUS MA'UWICES 

ANALYTEI 
COMMON NAME 
CAS NUMBER METHOD IREFERENCEITITLE OF METHOD 

INSTRUMENT- QUANTlTATlONI 
ATION DETECTION LIMIT 

MDL = 0.82 tug& I ,  I dichloroethene EPA DW METHOD 524.2/SMEWW Methodl62POD 'M-l of Purgeable GC-MS 
75354 Organic Compounds in Water by Capillary Column Gas Chmtogmpby-Mass 

Spectrometry' 

CLP SOW METHOD QTM 'Chemical1 Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Quick Turnannmd Oils 
Chromtography Techniques' 

S M E W  METHOD 623OC 'pllrge d Tmp P a ~ k e d - C ~ l ~ m  G ~ s  
Chromatographic Method ISl' 

SMEWW METHOD 6230D 'Purge d Trap CapillarycOlunm Gas 
Chromatographic Method' 

SW846 METHOD 8240 "Gas Cluomatogmpby-Mass Spsclronmtry for Vohtile 
Organics' 

I, I ,2-trichPoroe(hane CLP SQW METHOD E-ORG 'CbemicaP h l y t i d  Semias fba A d y e i s  of 
79005 Low Concentration Water Samples for Organic Compounds by Gas 

Chmmt0gwphy-M- SpeCtromlV (GC-MS) and GOS - - E l m  
Captun (GC-ECD) T-' 

CLP SOW METHOD ORG OLMOI .O 'Statement of Work for Qrganics analysis 
- Multi-Mdia, Multi-Cmceatration' 

1EPA METHOD 601 ISW846 Method 80101SMEWW Method 6230B 'Purgeable 
Mllowbons' 

EPA METHOD 624 'Purgeables" 

EPA DW METHOD 502. I 'Volatile Halogenated Organic Coopounds io Water 
by Purge and Trap Gas Chromatography' 

GC-PIID 

GC-MS 

GC-PIDI ' 

GC-ECD 

OC-MS 

GC-MS 

GC-MS 

GC-ELCD 

GC-MS 

GC-ELCD 

MDL = 20 uglE 

MDL = 0.83 PogL 

MA 

PQL = 5.0 u g n  

CRQL = I .Q ugIL 

CRQL = PO ug/L 

MDL = 0.02 ug/L 

MDL = 5.0 ug/L 

MDL = 0.007 uglL 
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TABLE 111 

METHODS AND DWECTUQNlQUAWITATIQN LIMITS FQR SPECIFIED ANALYTES OF CONCERN TO WPSK ASSESMEN" 

AQUEOUS MATRICES 

ANA LYTEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCErnITLE OF METHOD 

INSTRUMENT- QUAN'FITATIQNI 
ATION 1DETEC"ION LIMIT 

I ,  I .2-trichloraethane 
79005 

EPA DW METHOD 502.2 'Volatile Organic Compounds in Water by Purge 4 
Trap Capillary Column G k  Chromatography with Photoionitacion and Electrolytic 
Conductivity Detectors in Series' 

GC-ELCD NA 

I ,  I .2,2- 
tetrachloroethane 
79345 

EPA DW METHOD 524.2 'Measurement of Purgeable Organic CompountPs in 
Water by Capillary Column Gas Chromatography-Mess Spectroometry' 

SMEWW M ETHOD 60408 "Closed-Loop Stripping, Gas-Chromatographic-Mass 
Spectrometric Analysis' 

SMEWW METHOD 62108 'Purge and Trap Packed-Column Gas 
Chromatographic-Mnss Spectrometric Method I' 

SMEWW METHOD 623OC 'Purge and Trap Packed-Column Gas 
cbromatogfsplhic Method 11' 

SMEWW MlETHOD 6230D 'Purge and Trap Capillmy-Column Gas 
Chrosrstogmphic Method' 

SW846 METHOD 8240 'Gas Chromatogmphy-Mass Spectrometry for Volatile 
Organics' 

CLB SOW METHOD LC-QRG 'Chemical Analytical Services for &e AnrrDysis of 
Low Concentration Water SimpUes for Qrganic Conopllmnds by Gas 

Capture (GC-ECD) Tectmiques' 
ChmmPtogmphy-MW Sptmlrpetry (GC-MS) aad GPS C b m g w y - E l r c l p o n  

CLP SOW METHOD ORO, "Statement of Work for Organics Anslyis - Multi- 
Media. Multi-4=oncentratim' 

GC-MS 

GC-MS 

GC-MS 

GC-WS 

GC-ECD 

8C-MS 

OC-MS 

GC-MS 

GC-PIP) 

WDL = 0.11 ug/L 

MDL = 0.02 uglL 

NA 

PQL = 5.0 u g k  

CRQL = IOugk 

CRQL = 20 ugR. 



APPENDlX 1111 
TABLE 111 

MEUIQOS AND DETE<'TIONIQIJANTITAT~ON L m u n  FOR SPECBFOED ANALVTES OF C O N C E ~  TO RISK ASSESSMENT 

AQUEOUS IMATRBCE!~ 

ANALYTEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCElTITLE OF METHOD 

INSTRUM Em- QUANTOTATUONl 
ATION DDECTION UM1T 

I ,  I .2.2- 
lelrachloroethane Halocarbons' 
79345 

EPA METHOD 6011SW846 Method 8010/SMEW Method 62308 'Purgeable QC-ELCQ MDL = 0.03 uglL 

EPA METHOD 624 'Purgeables' GC-US MDL = 6.9 ugk 

EPA 1DW METHOD 502.1 'Volatile Halogenated Organic Compounds inn Water 
by Purge and Trap Gas Chromtography' 

GC-ELCD MDL = 0.00 ug/R 

EPA 1DW METHOD 502.2 'Volatile Organic Compounds in Water by IPurge and 
Trap Capillary Column Gas Chromatography with Photoimitation end Electrolytic 
Conductivity Detectoss in Series' 

QC-ELCD MDL = 0.08 uglL 

EPA DW METHOD 524. IISMEWW Method 62108 'Measure-t of Purgeable 
Organic Compounds in Water by Packed Column Gas Chromatogmphy-Maes 
Spectrometry' 

GC-MS MDL = 0.4 M ~ / L  
IMDL = 6.9 ug/L 

EPA DW METHOD 524.2/SMEWW Method 6210D 'Measurement of hgeabb 
Organic Compounds in Water by Capillary CO~UEIUI GES Chmatogmfiy-Mass 
Spectrometry ' 

GC-MS M D t  = 0.04 ug& 
MDL = U.08 ug& 

SM EWW METHOD 6040B 'Closed-Loop Stripping. G~s-Chromalogrryihic-Mmss- 
spectrometric Analysis' 

GC-MS EDL = SO u g a  

S M E W  METHOD 6230D "Purge end Trap Capillary-Column Gas 
Chromatographic Method' 

GC-PID IMDL = 0.03 Ug/L 

SW846 METHOD 8240 'Gas Chromatography-Mass Spectrometry for Volatile 
Organics" 

GC-MS PQL = 5.0uglL 

I ,2-dichlamethane 
I07062 

CLP SOW METHOD LC-ORG 'Chemical Analytical Services for the Analysis of 
Low Conceniration Warn Samples for Organic Compounds by Gas 
Chromatography-Mess Spectrometry (GC-MS) and Gas Chromatography-Electron 
Capture (GC-ECD) Techniques' 

GC-MS CRQL = 1.0 ug/L 
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APPENDIX 111 
TABLE 111 

METHODS AND DETECTlQNIQUANTlTATIQN LSMBTS FOR SPECIFEED ANALWES OF CONCERN TO RlSK ASSESSMEN" 

AQPlEOlJS MATRICES 

AN ALYTEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCElTITLE OF METHOD 

INSTRUMENT- QUANTlTATlQNl 
ATlON DETEdTlON LIMIT 

I ,2dich loroet ham 
107062 Media, MuOti-ConEentration' 

CLP SOW METHOD ORG 'Stalemeal of Work for Organics Analysis - Multi- GC-MS CRQL = 10 uglL 

CLP SOW METHOD QTM 'Chemical Analytical Services for IMuBti-Mdia. 
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas 
Chromatography Techniques' 

EPA METHOD 601 ISW846 Method 8010lSMBWW Method 62308 'Purgeable 
Halocarbons' 

EBA 'METHOD 624 'Purgeables' 

EPA DW METHOD 502.1 
by l h g e  and Trap Gas Chromatography' 

'Volalile Halogcanted Organic Compounds b Water 

EPA DW METHOD 502.2 'Volatile Organic Compounds in Water by Purge 4 
Trap Capillary Column Gas Chrolnatography wilh Photoionization and Elec(r0lytic 
Conductivity  detectors in Series' 

EPA DW METHOD 524. IlSMEWW Maw 6210B (Mechod 1)ISMEWW 
Melhod 6210 C (Melhod I f )  'Measummmt of Purgeable Organic Caupowh in 
Water )by Packed Column Gas C b ~ ~ t o g ~ h y - M P s s  Splsctronaelry' 

EPA DW METHOD 524.2 'Measurement of Purgeable Qrgaaic Compunds in 
Water by Capillary Column Gas Chromstogrsplay-Mass Spectm@ry' 

S M E W  METHOD 623K 'Purge an<9 Trap Pocked Column Glss 
Chromatographic Metbod 11' 

S M E W  METHOD 62301) 'Purge and Trap Capillary Column Gas 
Chrometographic Method' 

GC-EC 

GC-ELCD 

GC-MS 

GC-ELCD 

GC-ELCD 

GC-MS 

GC-MS 

GC-MS 

GC-ECD 

CRQL = 20 uglL 

MDL = 0.03 0glL 

MDL = 2.8 uglL 

MDL = 0.002 ~ g l L  

MDL = 0.03 ug/L 

MDL = 0.2 ugk, 2.8 mgk, 
MDL = 2.8 uglL 

MDL = 0.06 ug/L 

MDL = 0.03 ug/L 

NA 



m m  m ma m 10 mm m 

AQUEOUS MATRICU 

ANALWE1 
COMMON NAME 
CAS NUMBER 

1INSTRUMENT- 
AT!4ON METHOD REFERENCElTITLE OF METHOD 

SW846 1METHOD 8240 'Gas Chromatography-Mass Spectromety for Volatile GC-MS PQk = 5.0 uglL 
Organics' 

I .2dichloroethane 
107062 

'I .2-clichloropropane 
78875 

CLP SOW MlETHOD LC-ORG 'Chemical Analytical Services for the Analysis of 
Low Concentration Water Samples for Organic Compounds by Gas 
Chromatography -Mass Spectrometry (GC-MS) and Gas Cbromalogrqhy-Electron 
Capture (GC-ECD) Techniques' 

GC-MIS 

CLP SOW METHOD ORG 'Statement of Work for Organics Analysis - Multi- 
Media , M ul ti -Concentrat ion ' 

GC-MS CRQL = 10 uglL 

GC-ELCD MDL = 0.W uglL EPA METHOD 601ISW846 Method 801OISMEWW Method 62308 
'Purgeable Hdocarboas' 

GC-MS 

GC-ELCD 

EPA METHOD 624 'Rargeebles' MDL = 6.0uglL 

1NA EPA DW METHOD 502. I 'Volatile Hdogmtedl Organic Compounds b Water 
by Purge and Trap Gas Chromatograpby' 

GC-BID NA EPA DW METHOD 502.2 'Volatile Organic Compounds in Water by b g e  d 
Trap Capillary Column Gas Chromatograpby with Photoionization and Electrolytic 
Conductivity Detectors ia Series' 

GC-ELCD EPA DW METHOD 502.2 'Volatile Organic CompouMls in Water by Purge and 
Trap Capillary Column Gas Chromatography wilh Photoionization and Electrolytic 
Conductivity Detectors in Series' 

EPA DW METHOD 524. IlSMEWW Method 6210BlSMlEWW Methodl 62IK 
'Measurement of Purgeable Organic Compounds in Waler by Packed Column Gas 
Chromatography-Mess Spsctrometry' 

GC-MS MOL = 0.2 ug/L 
MDL = 6.0 ugk ,  6.0 ug/L 

EPA DW METHOD 524.2/SMEW Method 6210D 'Measurement of Purgea0le 
Qrgmic Conqmnds io Water by C~pillrry CoUumn Gas Cbm~nePogwpby-Mass 
Spectromelry' 

GC-MS ' MDL = 0.04 uglL 



APPENDOX 0 0 0  

METHODS AND DETECTUONIQUAWITATUQN LIIMJTS FOR SPECD!FIED ANALWES OF CONCERN TO RISK ASSESSMIEN" 
TABLE nun 

AQUEOUS MATRICES 

AN ALYTEl 
COMMON NAME 
CAS NUMBER METHOD REFERENCEITITLE OF METHOQ 

INSTRUMENT- QUANTITATIlONl 
AVQN DETECTION UMUT 

I .2dichloropropane 
78875 Chomatogmpbic Mechod ID' 

EPA SMEWW METHOD 623OC 'Purge and Trap Packed-Colunm Gas GC-MS MDL = 0.04 u g k  

81 ,4jlichlarohenzeae 
IO6467 

SMEWW METHOD 62301) 'Purge and Trap Capillary-Column Gas 
Chroomtopphic Method' 

SW846 METHOD 8240 'Gas Chromatography-Mass Spectrometry for Volatile 
OrgMics' 

CEP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of 
Low Concentration Water Samples for Organic Compounds by Gas 
Chromatography-Mass Spectrometry (GC-MS) and Gas CbromIogmphy-Electron 
Cqture (GC-ECD) Teclmiqoes' 

CLP SOW METHOD ORG 'Statement of Won% for Organics Analysis - IMdli- 
Medii. Multi-Concentratioa" 

EPA METHOD 601lSW846 Method 8010lSMEWW Method 6230B 'Purgeable 
WalocrPrbons' 

EPA METHOD 602lSW846 Method 802OISME1Kw Method 62208 'Purgeable 
AlOmtkS' 

EPA METHOD 602 "Cblorhted Hydrocarbons' 

EPA 1METMOD 624 'Purgeables' 

EBA MlETHOD 625 'BaselNwtnrls d Acids' 

EPA DW METHOD 502.1 'Volatile Halogenated Organic Compounds i0 Water 
by Purge a d  Trap Gas Chomtogrepby' 

EPA DW METHOD 502.2 'Volatile Organic Compounds in Wakr by h r g e  and 
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic 
Conductivity Delectors in Series" 

GC-ECD 

GC-MS 

GC-MS 

GC-MS 

G C - U 1 )  

GC-PID 

GC-ED 

GC-MS 

GC-MS 

GC-lELCD 

GC-PDD 

NA 

PQL = 5.0 uglE 

CRQL = I .O ugl& 

MDL = 0.24 ug/L 

1MDL = 1.34lugllL 

NA 

MDL = 4.4 uglL 

NA 

MDL = 0.0I' ug/L 



APPENDIX 110 
TABLE 111 

METHODS AND DETECTIONIQUANTUTAT~~PN L ~ M ~ T S  FQR smcnmD ANALYTES OF CONCERN TO RISK ASSESSMENT 

AQaJEQUS MATRICES 

ANALYTEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCErnITLE OF METHOD 

lNSTRUM ENT- QU ANTlTATlON I 
ATOON DETECTION LIMIT 

I ,4dichlorobenrene EPA DW METHOD 502.2 'Volatile Organic Compounds in Water by B u r p  and GCELCD 1MDE = 0.00 uglp, 
106467 

BWtene 
7 1432 

Trap Capillay Colum Gas Chromatography with PBdoioOization mnd Electrolytic 
Conductivity 
Detectors in series' 

EPA DW METHOD 503. I 
Compounds in Water by Purge and Trap Gas Chromatography' 

'Volatile Aromatic and Unsratumtd Organic 

EPA DW METHOD 524. IISMEWW Method 62108 (Me(hod I)/SMEWW 
Method 621OC (Method I I )  'Measuremeat of Purgeabie Qrgaaic CoDnpounds in 
Water by Pockd Column Gas Chromatography-Mass Spedropadry" 

EPA DW METHOD 524.2lSMEWW Method 6210D 'Measureneat of Purgeable 
Organic Compounds in Water by Capillary C o l u m ~  Gas C h r o ~ y - M e s s  
S p e c t r o w '  

SMEWW METHOD 623OC 'Purge aad Trap PackedColunm Gas 
chfomtoglaphic Meabod 11' 

SMEWW METHOD 64 IOB 'Liquid-Liquid Extrnclion Gas Cpammtogmphic- 
Mass Spectrometric MecBod' 

GC-PlD MDL = 0.006 u g k  

GC-MS MlDL = 2.0 ug/L 

OC-MS MDL = 0.24 u g h  

OC-PIDI NA 
OC-ECD 

OC-MS MDL = 4.4 u g h  

GC-MS CRQL = 1.0 ugIL 



ABPlENDUX I11 

METHODS AND IDETE~IONIQOJANTlTATION LBMgTS FOR SIPlEC%FIED ANALYTES OF CONCERN TO aDSK ASSESSMENT 
TABLE on1 

AQUEOUS MATRICES 

ANALYTW 
COMMON N A M E  
CAS NUMBER METHOD REFERENCWiI'FLE OF METHOD 

UNSTRUMENT- QUAMITATION/ 
5ETEQJ11ON LlMllT ATlON 

Benzene 
7 I432 Media, Multi-CoPsceatntion' 

CLP SOW METHOD OR0 'Statement of Woat for Organics Analysis - Multi- GC-MS CRQL = 5.0 ugR. 

CLP SOW METHOD QTM 'Chemical Analytical Services for Multi-Media, 
Multi-Concuntmtim Samples for Organic Antalysis by Quick nOmmd 6.s 
Cbmmtogmphy Techniques' 

1EPA METHOD 6MISW846 Method 802O/SMEvVW Method 6220B 'Burgcable 
Aromatics' 

EPA METHOD 624 'Purgeables' 

EPA QW MElWOD 502.2 'Volatile Organic Connpomds iun Water by Purge mad 
Trap Capillary Cdum Gas ChrolllralogWpay with Phoroiooi~uioa a d  Electrolytic 
fhducth* Qe!c€tonrin series' 

S M E W  METHOD 6230D -Purge and Trap CepillUy-Collllrm Gas 
CBrOllleEoglnphic Methd'  

432-ECQ 

GC-Pi0 

GC-MS 

GC-PID 

GC-PID 

GC-MS 

GC-MS 

GC-MS 

GC-ECD 

CRQL = 20 ug/L 

MDL = 0.2 uglL 

MDL = 4.4 ugtL 

MDL = 0.01 ug/L 

MDL = 0.02 uglL 

MDL = 0.1 ugk. 4.4 lag& 
MDL = 4.4 mgk 

M0L = 0.2 ug/L 

NA 



mmmm 

APPENDIX PI1 

METHODS AND DETECTPONIQUANTFATION LIMITS FOR SPECIFIED ANALWES OF CONCERN TO RISK ASSESSMENT 
TABLE 811 

AQUEOUS MATRICES 

ANALYTEl 
COMMON NAME 
CAS NUMBER 

Chloroethene 
'(Vinyl Chloride) 
750 I 4  

. 

METHOD REFERENCElTITLE OF METHOD 

SW846 METHOD $240 'Gas Chromatography-Mass Spectrometry for Volatite 
orgamics' 

GC-MS PQL = S.Q o g n  

CLP SOW METHOD LC-ORG "Chemicml Analytical Services for the Aoalysis of 
Low Concentration Water Samples for Orgenic Compounds by Gens 

Capture (GC-ECD) Techniques' 

CLP SOW METHOD ORG 'Statement of Work for Organics Analysis - Mdti- 
Media. Multi-Concentratiioa' 

C h r 0 ~ t o g r s p h y - M ~  Sps~trometry (GC-MS) d Gas Chn#motogrPphy-EU&m 

CLP SOW METHOD QTM 'Chemical Analytical Services for Multi-Media, 
Multi-Concentration Santples for Organic Analysis by Quick T u d  GPB 
Chrometograpby Techniques' 

EPA METHOD 601/SW846 Method 8QBOISMEWW Method 6230 'Purgeable 
Walocrprbons' 

EPA METHOD 624 'Purgeables' 

EPA DW METHOD 502. I 'Volatile Halogenated O r p i c  &mpounds in Wakr 
by Purge an8 Trep Gas Chmatogmphy" 

EPA DW METHOD 502.2 'Volatile Orgamic Compounds in Water by Purge and 
Trap Capillary Column Gas Chromelogrepby with Photoionizatioa aad Electrolytic 
Cooductivity Detectors in Series' 

EPA DW METHOD 502.2 'Volatile Organic Compounds in Water by Purge and 
Trap Capillary Column Gas Chromatography with Photoionization a d  Electrolytic 
Conductivity Detectors in Series' 

EPA DW METHOD 524.1ISMEWW Method 6210B (Method U)ISMEWW 
Method 621OC (Method 11) 'Measurement of Purgeable Organic Conapounds in 
Water by Packed Column Gas Chromatography-Mess Spectrometry' 

GC-MS 

GC-MS 

GC-BCD 

GCBLCD 

GC-MS 

GC-EWD 

GC-PID 

GC-ELCD 

GC-MS 

CRQL = I .O ugIL 

CRQL = DQuglL 

CRQL = 20 ug/L 

MDL = 0.18 u g h  

NA 

MDL = 0.01 ugIL 

MDL = 0.02 ug/& 

MDL = 0.04 uglL 

MDL = 0.3 ug/L 

I 



APPENDIX 111 
TABLE 981 

METHODS AMD DIETECTUQ)M/QUANTITATION LIMWS FOR SPECIFIED ANALYTES OF CONCERN TO R S K  ASSESSMENT 

AQUEOUS MATRICES 

ANALYTEI 
COMMON NAME 
CAS NUMBER METHOD REFERENCWIITLE OF METHOD 

INSTRUMENT- QUANTITATION/ 
ATION D E T E ~ I Q N  UMUT 

Cblor&ne EPA DW METHOD 5 2 4 . 2 / S M M  Method 62lOD 'Meesuremmt of m e a b l e  OC-MS MDL = 0.17 ug/L 
(Vinyl Chloride) Organic Compourds in Water by Capillery column Gas Chwnra(ogmphy-M.ss 
75014 SPrnaaet rY '  

SMEWW METHOD 623OC 'Purge end Tmp Pecked-Column Gas 
Chnmtogrspbic Method 11' 

SMEWW METHOD 6230D 'Purge and Trap Capillmy Colwnm Gas 
Chmmntogmpphic Method" 

SW846 METHiOD 8010 'Halogenoted Volatile Organics. 

Dichloromet hone 
(Methylene Chloride) 

CLB SOW METHOD LC-ORG 'chemical Analytical Services for the Aodyis  of 
Low Coocentntim Water Samples for &genic colnpaunds by dies 

75092 Chmbgmphy-Mm Sps~osoonretry (GC-WS) d 698 - y - E k t ~ ~  
O ~ ~ K G  (GC-ECD) Tacbmiqw' 

CEP SQW METHOD QRG 'Stetenoeat of Wort ffor Organics Analysis - Multi- 
Media, Multi-Cumxm~b' 

EPA METHO0 6QIISMEWW Method 62308 'Purgeable H.locarbons' . 
EPA METHOD 624 'Purgeables' 

EPA DW METMOD 502. I 'Voletile Halogenoled Qrgmic C o m p d s  in Weter 
by Purge d Trap Gas Chromstogrepby' 

EPA DW METHOD 502.2 'Volatile Organic Compouads in Weltr by Purge and 
Tmp CapilUery Columu~ Gas Chometogmphy wi9h Photoionization and Electrolytic 
conductivity Detectors in Series' 

GC-MS 

QC-PUDI 
OC-RCD 

GC-ELCD 

GC-MS 

GC-MS 

OC-MS 

GC-ELCD 

GC-MS 

GC-ELCD 

GC-ELCD 

MDL = 0.18 w/L 

NA 

MDL = 0. I8 u g k  

PQL = i o u g n  

CRQL = 2.0 ug/L 

CRQL = 10 ug/L 

MDL = 0.25 ug/L 

MDL = 2.8 uglE 

NA 

Ml0L = 0.02 ugk 



APPENDIX 1111 
TABLE 111 

METHODS AND DE~ECTUONIQUA~UTATgON LUMllTS FOR SPECIFIED ANALYTES OF CQNCERN TO RUSK ASSESSRIEWG 

AQUEOUS MATRICES 

ANALYTEl 
COMMON NAME 
CAS NUMBER 

Dichloromethane 
(Methylene Chloride) 

METHOD REFERENCE/TITLE OF METHOD 

EPA DW METHOD 524.llSMEWW M& 6210B (iMecbod I)ISMEWW 
Method 621OC (Method I!) 'Mer~surement of Purgeable O r g h c  Compornnrlls in 

75092 W a r  by P d e d  COIUIIWI Gas Cbromtognphy-Mms S ~ t r o ~ "  

EPA DW METHOD 524.2 lSMEWW Method 6210D 'Measurnmeat ob Purgeable 
Organic Compounds im Water by Capillary Cduann (3s Ch-y-Mm 
Spectrometry' 

S M E W  METHOD 623OC 'Purge a d  Twp Packed-Column OM 
Chromatographic Melhod 11' 

S M E W  METHOD 62301) 'Purge and Trmp COlpillary-Co~umn Gas 
chrometographic Method" 

EPA METHOD 602 'Purgeable Aromatics' 

EPA DW METHOD 502.2 'Volatile Qqauic ColllpounL m Water by Purge md 
Trap Capillary Collpma Om Chromatography witb Photoionitotioa d Elac(r0Oytic 
Conductivity lhtectors in Series' 

EPA DW METHOD 5Q3. I 'Volatile Amnntic d Blmeaturrated Q r g h  
Co- in Water by Purge and Trmp Gas Clhrombg@y' 

GC-MS MDL = 1.0 u g L  
MDL = 2.8 pngk 

GC-MS MDL = 0.03 ugIL 

MDL I= 0.25 ug/& GC-MS 

OC-ED . NA 

GC-MS PQL = 5.0 ug/L 

QC-MS CRQL - 0 .Q ug/L 

GC-MS 

GC-PID 

GC-PID 

GC-PID 

CRQL = 10 ug& 

MDL = 0.20 u g h  

MDL = Q.00 ug/L 

MQL - 0.008 ug& 



AQUEQUS MATRICES 

ANALYTEl 
COMMON NAME 
CAS NUMBER METHOD REFERENCETnTLE OF METHOD 

INSTRUMENT- 
ATlON 

QU ANTITATPONI 
1QETECIION UMDT 

Ethenyl Bemmne 
(Styrene) 

EPA DW 1METDIOD 524. UlSMEWW Melhod 621OC 'Messurnmen1 of IPIPrgeable 
Organic Compounds in Warn by Packed Coluom Gas ChmmUography-Mass 

GC-MS MDL = 0.2 oglL 

100425 Spectroaaetry' 

EPA DW METHOD 524.2 /SMEW Mehd 62801) 'Memm-t of Purgeable 
Organic CompMlmds im Water by Capillary Column Gas CbromaPogmptmy-Mass 
SpeCtlOIIletry" 

SW846 METHOD 8240 'Gas Chromalograpby-Mass Spcctrou&ly for Volatile 
0rganics' 

CLP SOW METHOD ORG "Stalemen1 of Work for Organics Aumlysis - Multi- 
M d 4  Mult i -Cowxotd~'  

EPA METHOD 601ISWS46 Method 8OEOlSMEW Me(BocO 62308 'Puqeable 
Halocarbons' 

EPA METHOD 624 'Furgeables' 

EPA DW METHQD 502. I 'Volatile Halogenated Organic Compounds in Water 
by Purge aod Trap Gas Chromatogfaphy' 

EPA IDW METHOD 502.2 'Volatile Qrganic C o w  in Water by Purge d 
Trap Capillary Column Gas Chromtography wi& Pboloionidon a d  Electrolytic 
Conduclivity Delectors bo series" 

GC-MS 

GC-MS 

GC-MS 

GC-MS 

OC-ECD 

GC-MS 

GC-ELCD 

GC-PID 

MDE = 0.04 uglL 

PQL = S.Oug/L 

CRQL = 10 ugh 

CRQL = 1.0 wg/L 

CRQL = mug& 

MDL = 0.03 ug/L 

MDL = 4.1 og/L 

MDL = Q.ODI ug/L 

MDL = 0.05 uglL 



APPENDIX 1IIE 
TABLE 119 

METHODS A M )  DETECTIONIQUA~'lTATI~0~ LlMlTS FOR SPECIFIED ANALYTES QP CONCERN TO RISK ASSESSMEN" 

AQUECDWS MATRICES 

AN ALYTEl 
COMMON NAME 
CAS NUMBER METHOD REFERENCEnlTLE OF METHOD 

INSTRUMENT- QUANTITATIUINI 
ATlON DETEmUON LPMIT 

EPA DW METHOD 502.2 'Volatile 0q-k Compounds in Water lby l h g e  and 
Trap Capillary Column Gas Chromatography with Photoionization ud H d y t i c  
Conductivity ~Deteclors in Series' 

GC-ELCD MDL = 0.04 uglp, TetrachPoroethene 
(Tetrachloroethylene) 
127184 

t4 
L 
c 

Tetrachloromethane 
(Carbon Tetrachloride) 
56235 

EPA DW METHOD 503.1 'Volatile Aromatic and UnspturaRd Orgpnic 
Compounds in Water by h g e  and Trap Gas ChrOmaDography" 

EPA DW METHOD 524. IlSMEWW Method 62108 (Method 1)lSMEWW 
Method 621OC (Method It)  'Measurenrent of Purgeable Orgamic Cmqxnds in 
Water by Packed Column Gas Chroamtogmphy-Mess Spsctromdry' 

EPA DW METHOD 524.2/SMEW Method 6210D 'Measuremtnl of Bptgeablle 
Organic Compounds in Water by Capillary Colulrm Gas Chro~tognpby-Mm 
Spectrometry' 

SMEWW METHOD 60408 'CPosed-Eoop Stripping. Gas-Chrornsitogrspbic-hQass- 
Spectrometric Analysis' 

SMEWW 1METHOD 623OC Purge and Trap PPdred-Column Gas 
Chromatographic Method II' 

SMEWW METHOD 6230D 'Purge md Trap Capillary-Column Gas 
Chromatographic Method' 

SW846 METHOD 82- 'Gas Ch~togmphy-Mass  Spectrometry lor Volatile 
Organics' 

CLP SOW METHOD LC-ORG 'Chemical Analytical Services for &e Analysis of 
Low Concemtration Water Samples for Organic Compouds by Gas 

Capture (GC-ECD) Tschaiques' 
Chromt0gmphy-M- Spfftrometv (GC-MS) d G ~ s  Chromograghy-El&ron 

CLP SOW METMOD ORG 'Statemt of Work for Organics A d y s i s  - Multi- 
Media. Multi-Concentration' 

Gc-PID MDL = 0.01 ug/L 

GC-MS IMDL = 0.3 ugn, 4.1 uglE 
MDL - 4.1 u g h  

GC-MS . MDL = 0.14 ug/L 

OC-MC ED!.. = 0.00 uglL 

GC-MS MDL = 0.03 ug/L 

GC-PIDI NA 
OC-ECD 

GC-MS PQL = 5.0ugIL 

GC-MS CRQL = I .O ug/L 

GC-MS CRQL = EOogk 



E 
N 

AQUEOUS MATRICES 

A N A L W  
COMMON NAME 
CAS NUMBER METHOD REFERENCE/"'ITLE OF METHOD 

Telrachlommethane 
(Carbbn Te&achlaride) 
56235 Chromalogmphy Techniqores' 

CLP SOW MEUHOD QTM 'Chemical Analytical Stvices for Multi-Mdia., 
Multi-Concentmtioxn Samples for Organic Analysis by Quick T u r ~ r d  Gas 

EPA METHOD 601/SW846 Method 8010/SMEWW Method 6230B 'Purgahle 
Halocarbons" 

EPA METHOD 624 'hrgeables" 

EPA DW METHOD 502.0 'Volatile Halogeartad OrgaOic Ccompounds ha Water 
by Purge d Twp Gas Chromatography' 

EPA DW METHOD 502.2 'Vdatile ofgenie Compounds in Wakr by Purge rmd 
Trap Capillary Colum Gas Chrornotogmphy with Pbtoinminaioan a d  EDectroUytic 
Conductivity Delectore ia Series' 

EPA DW METHOD 524. IlSMEWW Method 62108 (Metbod 1)ISMEWW 
Method 621OC (Methaal II) ' M e a s a r e m  of PurgeabBe opgsnic Compotmds in 
Water by Packal COUIUIUI Gas Chro~mtogrq~hy-Mvpsss w r y *  

EPA DW METHOD 524.2lSMEWW Mehd 621QD 'M-8 of Purgeable 
Organic t l m p m d s  in Water by Capillary Cohm Gas chrowlognphy-Mass 
Spectrometry' 

S M E W  METHOD 6 2 m  'Purge and Trap Packed-Column Gas 
Chronmlogrephic Metbod 11' 

S M E W  METHOD 6230D 'Purge PMD Trap C a p i l l ~ - & ~ u m  Gas 
Chromatographic Method' 

SW846 METHOD 8240 'Gas Chromatography-Mass Spectrometry for Volatile 
Organics' 

INSTRUMENT- QUANUTATION/ 
ATION DEiTECFION UMDT 

OC-Ern CRQL = 20 ug/L 

QC-EKD MQL = 0.12 uglE 

MDL = 2.8 uq/L GC-MS 

GC-ELCQ MDL = Q.003 ug/L 

GC-ELCD MDL = O B 1  ug/L 

GC-MS MDL = Q.3 ug/&, 2.8 u#/L 
MIDL = 2.8 ug/L 

m-MS MDL = Q.21 ug/L 

43C-MS 

GC-ECD 

GC-MS 

MDL = 0.12 ug/L 

NA 

PQL = 5.0 u g 5  



APPENDIX 001 
TABLE 111 

METHQIDS AND D E ~ E C T I Q N I Q U A ~ ~ T A T I O N  L I M ~  FOR smmm ANALYTES OF CONCERN TO RnsK ASSESSMENT 

AQUEOUS MATRUCES 

ANALYTEl 
COMMON NAME 
CAS NUMiBER METHOD REFERENCEITITLE OF METHOD 

Trichloromethane 
(chloroform) 
67663 

CLP SOW METHOD LC-QRG 'CbemicaI Analytical Services bor ohe Analysis of 
LOW Concentration Water Samples for Organic Compounds by Gas 
Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatognpby-EUectmm 

GC-MS CRQL = 8.0 ungn 

Cam (GC-ECD) TShniqum' 

c! 
W 

CLP SOW 1MhHOD ORG 'Statement of Work for Organics Andy& - Multi- 
Media. Multi-Concentration' 

CLP SOW METHOD QTM   chemical^ Analytical Services for Multi-Media, 
Multi-Concentration Samples for Organic Analysis by Qui& Tt~muomdGur 
Chromatography Techniques' 

EPA METHOD 601ISW846 Method 8010lSMEWW Melhod 62H)B 'Pmgeable 
Halocclrboas' 

EPA METHOD 624 'Purgeables' 

EPA DW METHOD 502. I 'Volatile Halogenated Organic CompKUmds inn Wakr 
by Purge pad Trap Gas cbromtography' 

EPA DW METHOD 502.2 'Volatile Organic CompounaS in Water by Purge and 
Trap Capillary Column Gas cplromatogmphy witb PhotoiOaiEslDiom d Ekctrolyuic 
Conductivity Detectors m Series' 

EPA DW METHOD 524. ! / S M E W  Method 62108 (Method I)/SMEWW 
Method 621OC (Metbad 11) 'MeasuremenP of Purgeable Orgenic C o w  in 
Water by Packed Colunm Gas Cbromatogmpby-Mass Spactnometry' 

EBA DW METHOD 524.USMEWW Method 62DOD 'Meamremmff of Purgeable 
Organic Compounds in Water by Capillary Cohurm C?as Chrometogmpby-Mess 
Spectro~ry' 

SMOEWW METHOD 62MC 'Purged Trap P ~ d - c o l u n a o  OPIS 
Chromalographic Method IP' 

GC-MS 

GC-ECD 

GC-EWD 

GC-MS 

QC-ELCD 

OC-ELCD 

OC-MS 

GC-MS 

GC-MS 

CRQL = 10 ug/L 

CRQL = 20 uglk 

MDL. = 0.05 ug/L 

MDL = 11.6 u g h  

NA 

MDL = 0.02 ug/L 

MDL = 0.2 q/L, 1.6 rag/& 
MDL = 11.6 ug/L 

MDIL = 0.03 ug/L 



APPENIDQX 111 
TABLE 111 

METHODS AND DETECTBQNIQUANTBTATOQM LIMUTS FOR SPSCIFIED ANALYEW OF CONCERN TO W K  ASSESSMEW 

AQUEOUS MA"R1CES 

. ANALYTW 
COMMON NAME 
CAS NUMBER 1METHOD REFERENCE/"LE OF METHOD 

UNSTRUMW- QIJANTUTATIONI 
ATlON DETECTION LIMlT 

Trichloromethane S M E W  METHOD 623QD 'Purge aad Trap Capillary-Column Gas OC-ECD NA 
(Chloroform) chrometographic Method' 
67663 

SW846 METHOD 8240 -Gas Chromalogqhy-Mmss Sprctmmtry for Volaeile 
Orgcraics' 

GC-MS PCpL = 5.oIpgrL 



METHOD REFERENCE 

APPENDIX 111 
TABLE I V  

METHOD TUTLES AND APPLICATIONS 
TITLE OF METHOD APPLICATION OF METHOD 

'CLP SOW 

METHOD INORG 

METHOD LC-ORG 

MBTHOD ORG 

E 
v, METHODQTM 

2w 
METHOD 6 0 8  

METHOD 602 

'Statement of Work for laorganics Analysis - Multi-Media, 
Multi-Concentration,' Doc No. 1LM02.0 

"Chemical Analytical Services for the Analysis of Low 
Concentration Water Samples for Organic Compounds by Gas 
Chromatography-Mass Spectrometry (GC-MS) and Gns 
Chromatography-Electron Capture (GC-ECD) Techniques,' 
619 I IDrafi 

'Statement of Work for Organics Analysis - Multi-Media, 
IMulti-Concentration.' Doc No. OLMOil.8 (8191) 

'Chemical Analytical Services for Multi-Media, Multi- 
Concentration Samples for Organic Analysis by Quick 
Turnaround Gas Chromatograpby Techniques,' Draft 7/91 

'Purgeable Halocarbons' 

'Purgeable Aromatics' This method i s  for the malysh of ~tvm pgcable m d c  compouds. 
Sample matrice compatible with chis method iaclu& d c i p d  Imd 
industrial fschruges. 

k L B  sow CONTRACT LABORATORY PROGRAM (CLP) STATEMENT OF WORK. OFFICE OF EMERGENCY AND REMEDIAL RESPONSE 

*EPA GUIDELINES ESTABLISHING TEST PROCEDURES FQR THE ANALYSIS OF POLLUTANTS UNDER THE CLEAN WATER AQJT FlNAL 
RULE AND INTERIM FINAL RULE AND PROPQSED RULE, BO/84,4Q CFR PART 136 



AU"ENLDllX IPP 
TABLE I V  

METHOD TITLES AND APPZOCATHONS 
METHOD REFERENCE TITLE OF METHOD 

Em 
METHOD 606 'Phthalate Em' 

METHOD607 'Nitrosamines" 

METHOD 608 'Organochlorine Pesticides and PCBs' 

METHOD 609 'Nitroaromtics md ~Imphorone' 

METHOD 610 

METHOD 612 'Chlorinated Hydrocarbons" 

METHOD 624 ' Purgeables' 

METHOD 625 'BadNeutrals and Acids' 



METHOD 1REFERENCE 

APPENDIX 110 
TABLE I V  

METHOD TUTLES AMD APPLICATIONS 

TITLE OF MlETHOD APPUCATION OF METHOD 

METHOD TO-1 

METHOD TO-14 

METHOD TO-28 

2 METHODTO-3 

METHOD "0-4 

'Method for the Delepsninatian of Volatile Or@c 
Compounds in Anrbieml Air Using Tenax Adsorption and Gas 
Chmmtography-Mm Spectromet~ (GC-MS)' 

'The Determination of Volatile Organic Compouads (VOCs) 
in Ambient Air Using Summa Passivated Canister Sampling 
andl Gas chfomatogrrphic Analysis' 

'Method for the Determination of Volatile Organic 
Compounds in Ambient Air by Carboa Molscular Sieve 
Adsorption and Gas Chromatography-Mass Spsctmmet~ 
(GC-MS)' 

'Metbod for the Determination of Volatile Organic 
Compounds m Ambient Air Using Cryogemic 
Praconcentration Techniques md Gars Chromatosraphy witb 
FPame lonization and Elsctnm C a p r e  Debsction" 

'Method for the Determination of Orgmocblorine Pesticides 
and  polychlorinated Biphemyls in Ambient Air' 

3EPA AIR  COMPENDIUM^ OF METHODS FOR THElDETERMINATION OF TOXIC ORGANIC COMPOUNDS IN UBHEMT AIR, 5/81, 
ENVDRONMENTAL MONlTORlNG SYSTEMS LABORATORY/RTP, EPA 6W4-84441 



APPENDEX lis 
TAlBLIE UV 

lETBQOD TFTLES AND APPLICATIONS 

METHOD REFERENCE TITLE OF METHOD APPLlCATBONl OF METHOD 

4mm! 
METHOD 502. I 

METHOD 502.2 

METHOD 503. I 

METHOD 505 
t? 
OD 

METHOD 508 

METHOD 524.1 

METHOD 524.2 

'Volatile Halogenated Organic Compounds in Water by Purge 
and Trap Gas Chromatography' 

'Volatile Organic Compounds in Water by Purge and Trap 
Capillary Column Gas Chromatography with Photoionization 
andl Electrolytic Conductivity Detectors in Series' 

'Volatile Aromatic aud Unsaturated Orgenic Compounds in 
Water by Purge and Trap Gas Chromatography' 

'Analysis of Organohrplide Pesticides and Amlors in Water 
by Microextraction and Chromatography' 

'Determination of Chlonnetcd Pesticides in Water by Gas 
Chromatography with M Electran Capture Detector' 

'Measurement of Purgeable Organic Compounds in Water by 
Pocked C O I U ~  Gas C h ~ ~ t O p p h y - M a s s  Spectrometry' 

'Measurement of Purgeable Organic Compounds in Water by 
Capillary Column Gas Chmtography-Mass Spectrometry' 

This metbod1 is dot the d y s i s  of 28 momtic and unssturatsd organic 
compwnds. Sample h a s  COmpstibUo with this method i o c b  
drinking water, source water and wettr b g  heated for potability. 

This &hod is for tbe umllyair of 25 orgmohlib peslicidea end 
Aroclom. Sample ma(rices coaptible with thin mdbod k h d e  QiokiDg 
water. source water ead Waoer being W dm potability. 

This metbod is for ~nalysis of 48 v o h j  compauads. Sample llpaaaices 
compatible with &is method indude drinking water, mume &r aaad 
water k g  treated for potability. 

4EPA DW MlETHODS FOR THE DETERMINATION OF ORGANIC COMPOUNDS IN DRINKING WATER, 12/88, ENVIRONMENTAL MONlTORINCi 
SYSTEMS LABORATORYICINN, EPA 600/4-88/039 



APPENDIX IPI 

METHOD TITLES AND AFTLPCATUONS 
TABLE nv 

METHOD REFERENCE TITLE OF METHOD APPUCA'TIQN QF METHOD 

EPA DW 

METHOD 200.7 'Inductively Coupled PI~sm-Atomic  Emission Sptctmnnetric This pnsrbod is bor &e emmly8is of 30 e. Sample omtrkes c~qmtible 
Method for Trace Elemenl Analysis of Water d Wastes' this method khXk 4hkiOg w, h W a b  d W&MW. 

METHOD 206.2 'Arsenic (Atomic Absorption. Furnace Technique)' 

METHOD 206.3 'Arsenic (Atomic Absorptian-Gaseous Hydride)' 
f? 
\o 

METHOD 206.4 'Arsenic (Spectrophotometric-SDDC)' 

METHOD 206.5 'Arsenic (Sample Digestion prior to T d  Arsenic Andfls This lmilod is e p q m t i m  puudum for ~canvtreianof  ofgmic 
by Silver Diethyldithiocarbarte or Hydride P d u r e ~ ) '  rwaric to inoagrnic manic. 

klude  d~idcing water, s d b  water d wl~gte. 

d c e a  compatibb with &is 

METHOD 210. I 'Beryllium ( A t o i c  Absoaption, IDirect Aspirotion)' 

MCAWW METHOD FOR CHEMICAL ANALYSIS OF WATER AND WASTES, 3/83, ENVIRQNMENTAL MQMlT0RQNO SYSTEMS 
LABORATQRY/CINN, EPA 600/4-79/Mo 



APPENDIX llD 
TABLE UV 

METMOP) TFTLES A N D  APPL.ICATUONS 

METHOD REFERENCE TITLE OF METHOD APPLICATIQN OF METHOD 

MCAWW 
METHOD 210.2 

METHOD 213.1 

METHOD 213.2 

METHOD 2 18. I 

METHOD 218.2 
Id 
t4 
0 

METHOD 298.3 

METHOD 218.4 

METHOD 218.5 

METHOD 239. I 

METHOD 239.2 

METHOD 245. I 

"Beryllium (Atomic Absorption, Furnace Technique)' 

'Cadmium (Atomic A m i a n .  Direct Aspiration)' 

'Cadmium (Atomic Absorption, IFurnace Technique)' 

'Chromium (Atomic Absoe ion ,  Direct Aspiration)' 

'Chromium (Atomic Absorption. Furnace Technique)' 

'Chromium (Atomic Absorption, Chelation- Extraction)' 

'Chromium. Hexavalent (Atomic Absorption, CbeBSOion- 
Extraction)' 

'Chromium, DissOlved Hexavalent (Atomic Absorption, 
1Fumace Technique)' 

'Lead (Atomic Absorpth, Direct Aspiration)'' 

'Lead (Alomk Absogtion, ~Fumace Technique)' 

'Mercury (Manual Cold Vapor Technique)' 

!Sa@ mtrices compatible with this metboB ioclude drinking water, 
surface mer, g-, waste, sludge md soiP/diaren(. 

Sample matrices cowpatibDe with thi~ method include &i&ng water, 
surface water a d d b e  water. 



METHOD 1REFERENCE TITLE OF METHOD APPEICATDN OF METHOD 

M43AWW 

METHOD 245.2 

METHOD 245.5 

METHOD 335.1 

METHOD 335.2 

E L 6m 
METHOD 31 I IB 

METHOD 31 1 IC 

METHOD 31111D 

METHOD31llE 

"Mercury (Automated Cold Vapor 'U'edmique)' 

'Mercury in sadimenl (MMIIO~ Cold Vapor Technique)' 

'Cyanide, Amendable 'lo Chlorioatioo' 

"Cyanide, Total (Titrimetric, Spectrophotonaetric)' 

'Qirecl Air-Acetylene Flame Method' 

'ExtractionlAir-Acetylenectim/Air-Acetylcnc Flame Method" 

'Direct Nitrous Oxide-Acetylene Flame haelbod' 

'ExrractionlNitrous Oxide-Acetylene Flame Metbod' 

%MEW STANDARD METHODS FOR THE EXAMINATION OF WATER AND WASTEWATER, i m i  EDITION, 1989 



APPENDIX 119 
TABLE I V  

METlHOD TITTLES AND AP!RLICATIONS 

METHOD REFERENCE TITLE OF METHOD APPLlCATlQN OF METHOD 

SMEWW 

METHOD 31 12B 

METHOD 31 13B 

METHOD 31148 

METHOD 31208 

h, 
h) 
h) METHOD 3500AS C* 

METHOD 35(POBE D* 

METHOD 3 5 m D  D* 

METHOD 3 5 W R  D+ 

'Cold Vapor Atomic Absorption Spectromelric IMethod" 

"Eleclrdhermal Atomic Absorption Spectmme!ric hielhod' 

'Manual Hydride GeneralionlAtomic Absorption 
Spectrometric Method' 

'Inductively Coupled Plasma (ICP) Method' 

"Silver   diethyl dithiocarbamate Method' 

'Aluminon Method' 

' C o l o r i d c  Method" 

+This a ~ ~ b o d  is for h analysis of mmic (IIDd selenium. Saanpk Dnrtrias 
compatible with this ~ E ~ M X !  include gro\mdwoper, surface Wuer and 
M n g  water. 

This aneetbod is for (be unalysis of 27 mrelels, Sample matrices coqmtibk 
with this method include groundwpter, surface water and dainlrilag WQW. 
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APU'IEMDIX 111 
TABLE BV 

METHOD TFFLES ANID APPLICATIONS 

METHOD REFERENCE TITLE OF METHOD APPLPCATUQN OF METHOD 

S M E W  

METHOD 350HG C* 'Dithimne Method' 

METHOD 3500PB D* 'Dithizone Method' 

METHOD 4500 CN 'Cyanide' 

METHOD 60408 'Closed-hp Stripping, Gas Chromalogmphic-Mass 
Spectrometric Analysis' 

w 

METHOD 6210B 'Purge and Trap hcked-Co~unm Gas CRrowtogrrphk-Msss 
Spectrmnetric Method P' 

E 

METHOD 62POD "Purge and Trap Capillary-Column Gas d=hmmtographic- 
 mass Spsctromelric IMethod' 

METHOD 62208 'Purge and Trap Gas Cbromstogrcaphic Method I' 

METHOD 622W "Purge and Trap Gas Chromatographic Method II' This method is for &e amOysis of 28 purgeable aromatic unsaharalsd 
compounds. Sample matrices compatible with lhis method indude 
drinking water, raw source water, and W e r  being treated for potability. 

* The first two letters after the number represent the element M= and the &id letw is the method d e .  



APPeMDlX 918 
TABLE IV 

METHOD TITLES AND APPLICATIONS 

METHOD REFERENCE TITLE OF METHOD APPLOCATUON OF WETHOP) 

m 
METHOD 62358 

M ETHQD 623W 

METHOD 6230D 

'Purge and Trap Packed CoDumn Gas Chromatographic 
Method I' ' 

'Purge and Tmp Packed Colwnn Gas Chromlogmphic 
Method I I"  

"Purge and Trap Capillary-Column Gas Chromatographic 
Method" 

METHOD 644108 'Liquid-Liquid Extraction Gas Chromatographic-Mass 
1;3 P Spectrometric Method' 

METHOD 64408 

METHOD 66308 

METHOD 663OC 

8sw846 

METHOD 6010 

'Liquid-Liquid Extraction Chromatographic Method" 

"Liquid-Liquid Extraction Gas Chromatographic Method I" 

'Liquid-Liquid Extraction Gas Chromatographic M& II' 

"Inductively Coupld Plrpsmrp Atomic Emission Slpectroscopy' 

This mehod is for the d y s i s  of 29 purgeable lmbdxms. Sample 
d c e s  compatible with Us anethod klnde municipd d industrid 
discharges. 

This method is  for the analysis of 26 WS. Sample lprptrices compatible 
with this method ioclolde grouadwrla, soils and wastes. 

8SW846 TEST METHODS FOR EVALUATING SOLID WASTE. THIRD EDITION, 11/86, OFFICE OF SQUD WASTE AND EMERQENCY m p O N S E .  



METHOD REFERENCE TITLE OF ME3HOD APPLICATIQN OF METHOD 

- SW846 

METHOD 7060 

METHOD 7061 

METHOD 7090 

METHOD 7091 

METHOD 7 I30 

E MlETHOD 7 113 I 

METHOD 7190 

METHOD 7191 

METHOD 7195 

METHOD 7196 

METHOD 71\97 

'Arsenic (Atomic Absorption, F u m e  Technique)' 

"Arsenic (Atomic Absorption, Gaseous Hydride)' 

'IBeryllium (Atomic Absorption, Direct Aspiration)' 

'Beryllium (Atomic Absorption, Furnace Technique)' 

"Cadmium (Atomic Absorption. Direct Aspiration)' 

'Cadmium (Atomic Absorption. Furnace Technique)' 

'Chromium ( AIO~~C Absorption, Direct Aspiration)' 

"Chromium (Atomic Absorption. Fumce Technique)' 

"Chromium. Hexavalent (Coprecipitation)' 

'Chromium, Hexavalent (Colorimetric)' 

"Chromium, IHenavalent (Chelalion/Extraction)' 

Sample matrices compatible with this andhod iml& water. soil and 
waste. 

Sample metrices compatible with &is method include water. mil mnd 
waste. 

This method is for Ihe ma8ysis of dissolved henavalent chromium in 
extraction p r o c s d ~ ~  (EP) toxicity extracts md groundwater. 

ahis method is for the analysis of dissolved hexavalent chmmium in 
extraction procedure (EP) toxicity chamcteristic extracts and groundwater. 

This methnd is for the analysis of dissolved hexavalent chromium in 
extraction procedure (EP) toxicily extracts and groundwater. 



APPENDIX 111 
TABLE I V  

METHOD TITLES AND APPLICATIONS 

METHOD 1REFERENCE TITLE OF METHOD ABPLPCATIQN OF METHOD 

SW846 

METHOD 71198 

METHOD 90OQA 

METHOD 9012 

M ETHQD 742Q 

E 
OI 

METHOD 7421 

METHOD 7470 

METHOD 747 1 

METHOD 8ono 

METHOD 8020 

m m m  

'Chromium. Hexavalent (Differential Pulse Polarography)' 

'Tolal and Amenable Cyanide' 

"Total and Amenable Cyanide (Colorimetric. Automated 
UV)' 

'Lead (Atomic Absorption, Direct Aspiration)' 

'Lead (Atomic Absorption, Funrace Technique)' 

'Mercury in Liquid Waste (Manual Cold-Vapor TecJmiqw)' 

'Mercury in Solid or Semisolid Waste (Manual Cold-Vapor 
Technique)' 

'Halogenated Volatile Organics' 

'Aromalic Volatile Organics' 

This nrelluxi is foo &e analysis of dissolved bemvaht  csuOwium b 
crtpactiom procedure (EP) toxicity extwc(s, mtural water md waste wauer. 

This melhod is fop tbc analysis of inopganic cyanide (td and d b  
to chlorination) in wasde and ~Uedmte. Tbe naetbod detecu inorganic 
cyanides that a n  preseal as either soluble d t s  or complexes. 

This method is for the analysis of inorganic cymide (total d taunmdabie 
to chlorhation) in waste and Beachate. The nsaetbod detects horgmnic 
cyanides that ore pnseat as either soluble salts or compkxes. 

Sample matrices coDllpDtibb wilh this rne!&od inelude water, waste 4 
sludge. 

This m e h d  i s  for the pnslysis of 34 halogmated volatile organic 
compounds. Sample lllrtrias compatible with this m e b d  include 
soil/sludge, groundwater, l iv id  wpsde d water immiscible m e .  

 his method is for &e d y s i s  of mea aromatic volatib organic 
compounds. !Sample matrices compatible with this mtthod include 
soil/sludge, groundwater. liquid m e  and water i d s c i b k  wasue. 



METHOD REFERENCE 

APPENDIIX Oil 
TABLE I V  

MlETllOD TITLES AND APPLICATPONS 

TITLE OF 1METHOD APPUCATUON OF METHOD 

- SW846 

METHOD 8060 '#Phthalate Esters' 

METHOD 8080 

METHOD 8100 

METHOD 8240 

E 
21 

METHOD 8250 

METHOD 8270 

METHOD 83 10 

'Organochlorine Pesticides and PCBs' 

'Polynuclear Aromatic Hydrocarbons" 

'Gas Chromatography-Mass Spectrometry for Volatile 
Organics Packed Column Technique' 

'Gas Chromatography-Mass Spectrometry for Semivolatile 
Organics: Capil lq &lumn Techniqpe' 

'Polynuclear Aromalic Hydrocarbons' 



APPEMD# n0 

?sum W- A 
SUMMARY OF R Q W E  IMIETQdODS BY PROGRAM AND COYPOIDNO CLASS 

OR6ANlC c o ~ m b l s  

OCnD 

G C 4 S  

Pal 0.50.6 

XrN OA94B.O 

6 s  

632 

XrN 

m 
0.m4.19 

Q.OOS11.1 

515.1 ECD -- m EDL 0.1-1.0 

612 

5w 

m 
XTN 

0.m1.36 

CMonnetbd Pertiads* EDL 0.01 0.5 {most 
4 1 1  

0.01 504 m 

630 

525- 

c S , w m -  1.915.3 . 

m 0.1-1.0 

61 lI 

609 

547 

XTN 0.3-3.9 

0.01-15.7 

EDL (Elli-d D.L) 
0.1-5.0 (most 4.0) 

0.150.81 

0.5.4.0 

Uitroaromatlcs and Irophom GC-FID + ECD XTN 

XTN NPD 
capillerycofumn 

Uitmvunines 607 

531.1 

GGNPO XTN' 

HPLC DI 
FluomammceD&stor 

617 XTN 0.0020.176 

614 

6 a  

508A 

OC-FPD or NPD m 
XTN 

0.01 20.01 5 

0.1-5.0 

0.103 

GC-fPD 

ECDIELCOPdacior XTN -- 
505' GC-ECD 

ca@eqCdumn 
XTN Variebb 

Pe- 0.005-1.0 
Herbnide 02-7.0 
PCBS 0.10.5 

0.002424 608' GC-ECD m 

604 

606 

GC-flD 

GC-ECD 

XTN 

XTN 

0.14-16.0 

'029-3.0 'Mtrslate Esters 

228 



'bablle v-A 
SUMMARY OF ROUTINE METHODS BY PROGRAM AND COMPOUND CLASS 

OR6AlNIC COMPOLDNOS (tonunugco) 

Industria! andl Municipal Wash Water (USEPA, Offic$~ of Ramarch and Dmmlopmmt) 

€PA -- I 
Iyhmaaa Armm&%mPrebatatran 

Detection Limit/ 
B#auuxu 
0.02-1 -81 

0.1-1.0 

- 
Purgeable Habcartms 
Purgeable Organics 

Purgeable Organics 

601 e 

524.1 

5242' 

GC-ELCD P8T 

0.029.2 

1.6-7.2 Purgeables 624' 

Vohtile Aromatics and 503.1 - 

Vohtile Halacarbans 502.1 
unsaturated compounds 

GC-PID 0.002-0.03 

0.001-0.01 

0.01 9.1 0 

0.002 

GC-ECD p a l  
Packed Column 
GGELCDPID P&T 
Capiihry Column 

Volatile Halocarbons 502.2- 

2 , 3 , 7 , & T e t r a c h l d b q  

Triazine Pesticides 

dioxin 
613 GC-MS m 

61 9 GC-NPD 0.03-0.07 

Aqueous and Solid Matricss (USEPA, Opfic@ of Water) 

sample 
lnaoductionl Detection 

RaKlwmu - 
Semivolatile Organics 1625 Isotope Dilution by 

GC-MS (Capillary 
Column) 

m most 20-1 00 ppb 
(dependent on 
K solids) I 

I 
I 
I 
1 

Tetra- through ma- 1613 
chlorinated dioxins 
and furans 

Isotope Dilution by 
high resolution 
GC-high resolution MS 

XTN 10-1 00 parts per 
quadrillion in water 
1-1 0 parts per triliin 
in soil 

(dependent 
on % solids) 

5-100 Ppb Volatile Organics 1 624 Isotope Dilution by 
GC-MS (Capillary 
Column) 

PBT 

Frequently requested method. 

I 
I 

229 
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?eb V- A 
SUMMARY OF ROUTINE YIZIWODS BY PROGRAM AND COMPOUND C U S S  

ORGAWlC COMPOUNDS (continued) 

Acrolein, Actylonitdte, 

Aromatic Volatile Organics 

Acetonibile 

Chlorinated ,Herbicides 

Chlorinated Hybocahons 

Nitroaromatics and Cydic 
Ketones 

0rganophosphoNs Pesticides 

Organochlorine Pesticides and 
PCBS 

Phenols 

Phthalate Esters 

Polynudear Aromatic 
Hydrocarbons 

Polynuclear Aromatic 
Hydrocarbons 

Purgeable Halogenated Volatile 
Organics 

PurgeaMe Non-Halogenated 
Volatile Organics 

Semivolatile Organics 

ilolatile Organics 

EPA 
h!ww&L 

8030 

8020' 

81 50 

81 20 

8090 

81 40 

8080' 

8040 

8060 

81 00 

831 0 

801 0 

801 5 

8270' 

8240' 

W I D  

GC-FID 

GC-ECD or ELCD 

GC-ECD 

GC-FID or ECD 

GGFPD or NPD 

GC-ECD 

GC-FID 

GC-ECD 

GC-FID 

HPLWV and fluor 

GC-UCD 

GC-FID 

Detection Limit/ 
EEuwlau 

0.50.6 

0.20.4 

0.1 -200 

0.03-1.3 

0.06-5.0 

0.1 -5.0 

70-1 O00 

0.1416 

0.29-31 

Not Reported 

0.01 3-2.3 

0.030.52 

Not Reported 

'Not Reported 

16-72 
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Cyanide 

Cyanide, 
Amenable to 
Chbrinatbn. 
without 
drstilhtion 

Cyanide 

Gold 

Gdd 

iron 
lrOn 

EPA 

1620 
6010 
7000 
7020 
2042 CLP 
7040 
7041 
7080 
7081 
7090 
7091 
21 2.3 
2152 
71 40 
72m 
7201 
7210 
721 1 
335.2 

335.2 

355.1 

45m-cN-H 

ICP 
ICP 
AA 
AA 
GFAA 

.AA 
GFAA 
AA 
GFAA 
AA 
GFAA 

AA 
AA 
GFAA 
AA 
G F M  

3 0 0 5 ~ 1 0  
3005,3010 
3005.3010 
~ , 3 0 1 0  

3005,3010 
aoo5,3010,3020 
3005,3010 
RMricacarenux 
3005.3010 
3020 
Hydmchhkadd 

3005ao10 
3oo5.3010 
3020 
3005,3010 
Bditlkacia reflux 

Standard Method 
for the Examm- 
atkn of Water 
and Wastewater 
1989 
335.3 

231.1 

231'.2 

7380 
73811 

Total. Spec- 
t+* 
metric 
AA 

GFAA 

AA 
GFAA 

1 .m 
430&5701) 

70 
20 
30 
2.0 
50-2w 
1 .G30 
200 
1 oO.Oo0 
4800-5200 
so4600 
50 
37oO-4300 
1 .o 
10 

5.0 

10 

20 

10 

100 

1 .o 

4400-5600 
1 .o 
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Iridium 

Selenium 
selenium 
selenium 

EPA 

23s. 1 

2352 

7450 
7460 
7461 
246.1 
246.2 
7480 
7481 
M20 
2521 

2522 
7550 
253.1 
253.2 
255.1 
255.2 
761 0 
264.1 
264.2 
265.1 

265.2 
267.1 
267.2 
270.3 
7740 
7741 
7760 
7761 
T n O  
7840 
7041 
282.1 
282.2 
283.1 
283.2 
791 0 
791 1 
7950 
7951 

AA 

GFAA 

AA 
. A A  

GFAA 
AA 
GFAA 
AA 
GFAA 
AA 
BA 

GFAA 
AA 
AA 
GFAA 
AA 
GFM 
AA 
AA 
GFAA 
AA 

GFAA 
AA 
GFAA 

GFAA 

AA 
GFAA 
AA 
AA 
GFAA 
AA 
GFM 
AA 
GFAA 
AA 
GFAA 
AA 
GFAA 

mHydr#e 
3020 
3005,3010 
3Oo!m10 
Nibricadd, reflux 
30053010 
3005.3010 
3020 
eo 

3005.3010 
3020 
3005,3010 
N i i  acid, reftux 

3oQo 

30 

970.1I)r30 
10 
0 2  
100 
1 .o 
10.m 

490WlUO 
300 

20 

100 
5.0 
1m 
20 
1000.2200 
so0 
200 

50 

5.0 
200 
20 

3.0-5.0 
5.0 
1200.2800 
0.2 
-5200 

- 

- 

- 

- 
1 .&lo 
800 
5.0 
400 
10 
48400-5osop 
50 
5.0 
0.05 

I 
I 
I 
1 
.I 

I 
I 
I 
1 
'I 
I 
I 
I' 
I 
1 
6 
1 232 



3005 

301 0 

3020 

. 
0 

0 

0 

0 

0 

b o  

n. 

m- 

AcidDig~WiondWaPen,forTaaalReWwraWsOissohred ~ f o r ~ b y F l e m s & ~ A b s o r p t i o n  

Acid DigwAim d Aqueous Sam(plssarsd Extr&sdorTdal Wls for Analysis by Fbmm Atomic h a p t i o n  

A c i d D ~ o d A q r p e o u s S a ~ a n d ~ f o r T o t a l ~ f o t A n a l y s i s b y F u m a c e A t ~  

sP=-=PYm~rPdivelyCac9led-%==wlJY. 

speEboseoW or lndrrdively coqw PbSlna Spgdroscopy. 

-wsP--oPY- _ .  

CLP preparation methods are categomed by weter/soil. ICP, AA, and 6FAA instnane ntath. 

CLP methods am based on the 200 series Methodsfor chemical Analysirs af Water and Wastes. U.S. 
Environmental Monitoring systems L&bmmy. chchati , Ohio. Mimdi.1983. 

Water sample pparabo n for GFAA uses nitric acid. hydrosen peroxide and mild heat. SOW 788.0-5. 

Water sample pleparasion for IC? and AA uses nitric acid, hydrochloric * acid and mild heat. sow 788.0-5. 

Soil sample preparation for ICP, AA, GFAA uses nitric add hydmgen peroxide and miM heat. 

Hydmchlork add is used as the final reflux acid for several mdytes. SOW 788.0-5.6. 

M i  and hydmchkwic acids are used for digestion. 

Total cyanide is determined by a refluxdis!ilhtion procedure using a sodium hydmxide scrubbw. 

Cyanide amenable to chbrinam is chlonnaed at pH greater than 1 1. 
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I 
I I  

I 
I 
B 
E 
I 
II 
I 
I '  

I 

I 
I 

om 0.20 
0.85 0.15 
0.90 0.10 
0.95 0.05 
0.99 0.01 

0.842 
1.039 
la 
1.645 
2.326 

immir 
I-# B 4 
om 200 O m 2  
o s  0.15 1.039 
090 Q.10 1282 
o s  0.05 1.645 
O S  0.01 2.326 

n 2 [(0.842 + 1.645)/(20130)p + Ob (0.642y 

n 2 139f7 4 0354 0 14269 

235 



0 1  

whm the angle D/(2R) is expressed in radian measure, H is the case that a hot spot is forpnd, and E is the 
casethatahotspotexists. 

This set offormuhs addressesthe probabilitythat no hos spot exists (given that m e  were found). This 
argument requires the use of a subjective probabiii, P(E) (where P(E) is the pmhbiw that P hot spot 
exists), based on histarical and pehaps gwphy&d evidence . Then, if E is the case that them em no ha 
spots at the study site and if H is the case that no hot spot is found in the sample. Bayesfomwle gives: 

P(E I i) = P(il I E) P(E)/[Pfi I E) P(E) + P 6  I@ PO1 

= P({ I E) P(E) / p(ii I E) P(E) +P& 

Forthe where D = 2R, it mfoUndlftom -le 1 that P(HIE) d.Zl5. T h e m .  I OM is 9iw#I tlrat 
the chance P(E) of a hot spatlsthought to be 0.25 prior to the investigation, the probabiiityofa hot spat 
existing il the study does nat find one is: 

P(E I w hit) = 0.21 5 (0.25) / [0.215 (0.25) + 0.7511 = 0.067. 

Hence, the probability that no hot spot exists is (1-0.067) P 0.933. 

Source: Adapted from EPA 1989c. 

I 

I 
I 
I 
I 
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Appendix V lists the paramems and criteria that produce a "J' Bag in accordance with the 
Norional Funaionol Guidelinesfir Organic Data Review (EPA 1991e) and Lpbotmory Data V d k h i o n  
Fmcfional Guidelines& InOrgMics Anaiyses (EPA 1988e) as appIied to data from the Contraa 
Laboratory Program. The appendix also indicates the likely implication of this flag on the associated 
result(s). 

The criteria listed in this guidance should be used 00 firpg CLP data as "J,' or 'estimated 
concentration" (the associated numerid value is au &mate of the amount acrually present in the 
sample). With proper interpretlition, the results of adytes which are fiaggsd 7" can often be used in 
making decisions. 

Dara flagged with "UJ' indicates that the value is mdetecd and q d ~ o n  limit may be 
imprecise. Data flagged with 'NJ" indicates that the value is tenrativety identitied and confirmation is 
needed in future sampling effom. 

PARAMEI'ER 43mmA 
ANALYSIS Organis (3/90) VQA Bt BNA 

Holding times 14 < VOA C 3Odays Associatedsamples 
7 e BNA < 22 days (+ results) 

Mass Calibration 

Ion Abundance 

Calibrations 

- initial 

-- continuing 

Blanks 

Several data elements 
in expanded window 

AverageRRF c .05 
%RSD > 30% 

RRF < -05 

%D between initial 
and co minuing 
calibration > 25% 

A11 associated data 

L O W  

No generalization 

Precision 

Compound specific (+ results) Low 
Compound specific (+ results) 

Compound specific (+ results) Precision 

Compound specific (+ results) 

If associated result is 
between detection limit 
and CRQL 

Compound specific High 

239 



If surrogate F d o n  specific (+ r d a )  
reamries are low but (negative results are flagged 
> 10% w/sampie quantitation limit as - WJ)) h W  

LOW Any surrogate in o 
W o n  shows 
< 10% recovery 

Fraction spedfic (+ results) 

If surrogate 
recoveries are high 

Fraction specific (+ results) 

Nogeneraikaion Imernal smdards If an IS area comt is Associated compounds 
outside-50Z or 
+lo096 of the 
associated standard 

(+ results) (nondezects flagged 
w/sample cpamimbn limit - UJ) 

TICS None All TIC results - (NJ) No generalization 

Holding Ties 7 < PEST < 22 . Associated positive results 
days (negative results - UJI) 

LOW 

DDT breakdown 
> 20% 

Associated positive DDT 
results (J) 
Resulk for DDD and/or 
DDE (NJ) 

LOW 

Endrin breakdown 
> 20% 

Associated positive Endrin results Low 
(J); Results for Endrin Ketone (J) 

I, 
I' 
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If criteria for linearity A s s o c i i  positive d t s  
not met 

No generalization 

Nogenerdization 

compound 
Quamitation and 
M o n L i m i t s  

If low sumgate AJJociatedresults 
recoveries obtained 

LOW 

Holding Tiis/ 
Preservation 

Calibrations 

- ICV or CCV 

- I C s  (for ICP) 

Correlation coefficient Assoclatsd - samples > IDL No generalization 
co.995 r < D L  WI1 

Midrange CN- Associated sample 
standard not distilled 

piecision 

%R outside windows Associated samples > IDL LOwMigh 
but within the ranges 
of 7549% or 1 1 1- 
125% (CN, 78-8496 
or 116-13Q96; Hg, 
65-1946 or 121- 
135%) 

If ICs recovery > AssocWsamples > IDL High 
120% 
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LCS (Aqueous) 

LCS (Solid) 

Dupllicate 

Matrix Spike 
Sample 

AA Post 
Digestion Spike 

Imaferenowith Associatsdsanrpla > IDL 
C O Q W O I I S  r - ~  mi 
comparable to or 
higher than analyte 
levels 

I C s  Al, Ca, Fe, and 
Mg interfering 
elemems > ZXCRDL 
and 10% reported 
concennaao . n o f t h e  
affected eIement 

Associated samples 

Recovery within Associate!dsamples > IDL 
range 50-79% or [ D L  WJ)1 
> 120% 

Recovery outside Associatedsamples > IDL 
comrol~ limits 

Recovery lower than 
comrol limits 

Associated samples [<IDL (VJ)] 

Outside control limits Associated samples of same 
matrix > IDL 

Recovery > 125% or 
< 75% 

Associated samples > IDL 

Recovery within 
range 30-7446 

Associated samples 1 < IDL (VJ)] 

Duplicate injection Associareddata > IDL 
outside + 20% 
RSD (or CV) and 
sample not rerun once 

242 

L O W  

High 

Hi@ 

Low/High 

Low/High 

LOW 

Precision 

Low/High 

LOW 

Precision 



.- 

I 

1 

I 

ICP Serial 
Dilution 

Rerun sample does 
not agree within 
+ 20% RSD (CV) 

Post digestion spike 
recovery > 11596 or 
< 85% 

If sample absorbance 
is < 5096 of post 
digestion spike 

. absorbance and if 
funrace post digestion 
sP*-=Ym 
within 85 - 115% 

MSA not done 

Any samples run by 
MSA not spiked at 
appropriate levels 

MSA correlation 
coefficient < 0.995 

Criteria not met 

Associatddata> IDL Precision 

Associateddata > IDL 

Associateddata > IDL 

Associateddata > IDE 

Associated data > IDL 
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Recision 

No generalization 

No generalization 

Precision 



BNA - 
CRDL - 
CRQL - 
c v -  
ICs - 
I c v  - 
IDL - 
IS 

PEST - 
IRRF - 
RSD - 
nc - 
VOA - 

- 

Base/neutrai/acid or semivolatile 

Contracz required detection limit (inorganics) 

Comact required quantitation limit (organics) 

coeffiaen! of variation 

hmfemce check sample 

Initid calibration verification 

Instrument detection limit 

Imernal standard 

Pesticide 

Relative response faczor 

Rdative standard deviation 

Tentatively identified compound 

Volatile 

ImpllicationKey 

Law: Theassoclated result may underestimate the true value. 

High: The associated result may overestimate the true vaiue. 

Precision: The associated result may be of poor precision (high variability). 

No generalization: No generalization can be m d e  as to the likely implication. 

l 

l 

I 
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1 
I 
I 
I 
I 
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ANALYSIS ohganic (3W VOA Q BHA 

Holding times Grossiy exceeded LOW 

Mass mibration 

Ion Abundance 

Unuseable 

Unuseable 

Asscpciated samples 

Associated samples Outside expanded 
WindOWS I .- 

Calibrations LOW M e a  R W  or 
RRF < 0.05 

Blanks High Gross contamination 
Peaks) 

Compound specific 
(- Sampm 

Sumgats LOW < 1046Recovery Entire fraction 
(negative results) 

Internal Standards Extremely low area 
COUMS; Major abrupt 
drop off 

Associatedcompounds Low 
(nondecects) 

I 
I 
1 

ncs Professional judgment Unuseable 
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LOW 

DDT 
R a d o n  
Time 

Urnuseable 

RT Peaks of concern 
outside windows 

Unuseable 

DBT/Endrin Not detected and Samples following last 
Degradatioa breakdown in-control standard 

c o n ~ o l l s  (quamitation limit - DBT 
positive and Endrin) 

Low 

Umueable Reention DBC > 2.0% 
Timecheck (packed) 

> 0.3% (-w- 
lbore) 
> 1.5% (wide-bore) 

Not present LOW 

Compound 
Quantitation and 
Detection Limits 

Large off-sale peaks Quaakaion limits U d l e  
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Holding Times Grossly exceeded 

- ICV or CCV 96R outside of 75- 
125% (CN,70-130; 
Wg, 65- 135%) 

ICs (for ICP) Al, Ca, Fe or Mg in 

ICs <SO% 

Results - 2xIDL for 
elemenn which are 
not present in the 
EPA-provided 
solution and levels of 
Al, Ca, Fe or Mg> 
50% of levels found 
in ICs, and estimated 
interferences due to 
AI, Ca, Fe or Mg 
> 90% 

samples 5 ICs aad 

LCS (Aqueous) Recovery < 50% 

Matrix SpikeSample Recovery < 30% 

AA Post Digestion 
Spike 

Recovery < 10% 

Affected anal- High 

Affected analytes LOW 

Affeaed samples (results Low 
< IDL) 

Affected samples (results LOW 
< IDL) 
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A A -  

RNA - 
ccv - 
DBC - 
ICP - 
ICs - 
Icv - 
IDL - 
LCS - 
R R F -  

RT - 
nc - 
VOA - 

Atomic absorption 

Base/aeutd/acid or semivolatile 

Continuing calibration verification 

Dibutyl &lorendate 

Inductively coupled plasma 

lnterf~erence chedt sample 

Initial calibration verification 

Instrument detection limit 

Laboratory control sample 

Relative response factor 

Raention time 

Tentatively identified compound 

Volatile 

Impleation my 
Low: The associated d t  m a y  underestimate the true value. 

High: The associated result may overestimate the me value. 

Precision: The associated r d t  may be of poor precision (high variability). 

No generalization: No generalization can be made as to the likely implication. 

Urmseable: Data are probably unuseable without resampling and reanalysis. 
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APPrnIX VII 
SUMMARY OF COMMON LABORATOHIY CONTAWAPIPS, CONCEMTRATION 

REQUIREMENTS, AND RISK ASSESSMENT IMPLICATIONS 

Appendix VII Iists common organic laboratory contamhants that m y  appear in blanks. 
The purpose of this appendix is to inform the reader of chemicals that may appear in analyses 
but m a y  not be present at the site. Analytes with values above instrument detection limits are 
reported by laBoratork. Some sample concentrations may not be reported through the review 
process, as explained below, but if they are reported, possibilities of fabe positives exist. The 
implications for risk asJessment are included. 

Rislr Assessment 
Contaminants I Concentration Requirements I I m p l i c a t i O n s  

Target Compand 

Methylene Chloride Sample concentrations less than 
lox that detected in method 
blank will be reported 8s 
undetected (or flagged B). 

Acetone 

Toluene 

Sample concentrations less than 
lox that detected in method 
blanks will be reported as 
undetected (or nagged B). 

Sampli concentrations less than 
lox that detected in method 
blanks will be reported as 
undetected (or fagged B). 
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Include analyte if 
concentration is greater 
than lox blank. 

situations. 

Include analyte if 
concentration is less than 
1Ox greater than blank 
concenmtion and multiple 
chlorinated volatile analytes 
are detected. 
Exclude analyte in all other 
situations. 

Include anal* if 
concentration is greater 
than lox blank. 

Include analyte if 
concentration is less than 
lox greater than blank 
concentration and multiple 
ketones are detected. 

Exclude analyte in all other 
situations. 

Include analyte if 
concentration is greater 
than lox blank. 

Include analyte if 
concentration is less than 
lox blank concentration 
and multiple aromatic or 
fuel hydrocarbons are 
detected. 

Exclude analyte in all other 



Common Laboratory Risk Assessment 
Contaminants Concentration Requirements Implications 

2-Bumo~e (methyl 
ethylketone) 

Sample concentrations less than 
lox thst detected in method 
blanks will be reported as 
un- (or €lagged B). 

0 

0 

Include d y t e  if 
concentration is greates 
than 1Qx blank. 

Include Wyte  if 
concentdon is less than 
1Ox blank concentration 
and multiple ketones are 
detected. 

Phthalates (Le., dimethyl 
phthalate, diethyl 

phthalate, butylbenzyl 

ethylbexyl) phthalafe, di- 
n-octyl phthalate) 

phthaiate, di-n-bPrtyI 

phthalate, ba2-  

Carbon dioxide 

Diethyl ether 

Hexanes 

Sample concentrations less than 
1Ox that detected in method 
blanks will be reparted as 
undetected (or m g e d  B). 

0 

0 

Include analyte if 
concentration is greater 
than JOx blank. 

Exclude analyte in all other 
situations. 

Not reported if present in the 
method blank. 

Not reported if present in the 
method blank. 

Not reported if present in the 
method blank. 

o Exclude analyte in all 
situations. 

o Include analyte if 
concentration is greater 
than lox blank. 

o Exclude analyte in all other 
Sitpat iOnS.  

o Exclude if analyte 
concentration is not lox 
method blank. 

o Exclude if d y t e  
concentration is not JOx 
field blank (EPA 
definition). 

o Exclude if sample is not 
analyzed within seven days. 



I 
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Contaminants Concentration Requirements 
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l~ Implications 
I 
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Freons (e.& lJ.2- 
trichloro- 13-2- 
trifluoroethane, flwrotri- 
chloromethane) 

Solvent preservative 
artifacts (e.g., 
cyclohexanone, 
cyclohexenone, 
cyclohexanol, 
cyciohexenol, 
chlorocyclo hexene. 
chlorocyclo hexanol) 

Not reported if p m n t  in the 
method blanlr. 

Not reported if present in the 
method blank. 

Aldol1 reaction products of 
acetone (e.g., &hydroxy- method blank. 
4-methyl-2-pentanone. 4- 
methyl-penten-2 -one, 
S.S-dimethyl-2(5H)- 
f uranone) 

Not reported if present in the 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Exclude if analyte 
concentration is not lox 
method blank. 

Exdude if analyte 
concentration is not lox 
field blank (EPA 
definition). 

Exclude if sample is not 
analyzed within seven days. 

Exclude if artifact 
concentration is not lox 
method blank. 

Exclude if artifact 
concentration is not lox 
field blank (EPA 
definition). 

Exclude if sample is not 
analyzed within seven days. 

include analyte if 
concentration is greater 
than lox blank. 

Include analyte if 
concentration is less than 
lox greater than blank 
concentration and multiple 
ketones are detected. 

Exclude analyte in all other 
situations. 
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I 

I It MKUMENT DATE I Not Applicable 

II ll 

c o M m m  AND CRQLs 
The Target Compound List compounds included in tbe analysis and their Contract Rquired 

Quantitatiiasl Limiu (CRQLs) are listed in Auadnnemt 1. 
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USEPACONTRAtXLABORATORY PR- 
S A " T  OF WORK FOR ORGANIC ANALYSIS 
MULH-mIA, ~ W T R A T I O E T  

I 
DMWMENT NWMBER:, Not Applicable 

DOCUNENTDAI'E S-1988 I 

EFTEXWE DATES: June 7,1989 through Deccmkr 26,1991 

C O N C Z N l ' R A ~ O ~  High: Gaeaocrthan2Oppm 

DATA TURlVAROUNth 35 Days 

mmcEs: L i q u l d m i w - *  I 
, 

0 

REVISIONS/MOD~CA~QNS 
' he  1/89 and 4/89 revisions to tbe 9/88 SOW do not si-y affect data useabihty. 

The method is suitable for solids, liquids. or multiphase samples, a phase being either water 
miscible liquid, water immiscible liquid, or solid. Various methods of phase separ;uion may be utilized 
depending on thenumber and types ofphases m asmple. - 

COMPOUNDS AND CRQk 

Quantiracim Limits (CRQLs) are listedin Atgchmeat 1. 
lEe Target Compound List compounds included in the andysis and their Conuact Required 
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None to date 

REcoImmuDmusEs 

'IbisRoutiDeAnalytrcalService(RAs)metbodisrec~~forbroadspecarrmanalysisto 
define the nature and extent of potential site Contamination during SSI, LSI, and RYFs activities. 'Ibis 
methods suitable whena 35 day umamund forresuits is adequate. It is recommended for samples from 
known or suspected hazardous waste sires w h  potential contamination may be present at signifkant risk 
levels. 

Analyacal Service) in orda to achieve the CRQLs. 
* Sediment samples with hi@ moism content should be solicited as RAS + SAS (Special 

ANALYTES ANDCRQES 

Quanutation Limits (CRQLs) are listed in Auachment 2. 
The Target Anaiyte List analytes included in the analysis and their Caaaact R e m  
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TITLE: 

The IHcoI.1 and IHm1.2 revisions to the IHco1.0 sow do not significantly affect data 
useability. 

REcoMMENDmusEs 

Tbemethod is suitable forsolids. liquids,ormuhiphase sampies, aphasc being eirherwater 
miscible hqukl, water immiscible liquid, or miid. A phase separation step is applied p-it~ to digestion. 
Each phase isanalyzedandxepmedasasep;aatesmple. 

ANALYTES AND CRQLS 

The Target Analyte List aualytes included in the analysis and tbeir Contract Requhd 
Qnantitatiaa Limits (CRQLs) are listed m Attachment 2. 

I 

I 
. I  
I 
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a 

I -  

I 

1- I 10 1 330 I 20 I 
I I I 23 - I' I nor 100 

- 10 1Jo 

I 10 I 330 11 20 I 

I 10 I 330 I, 20 I 

I 10 I 330 I 20 I !  
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I 25- I 800. I 100 I 
I- I 10 I sx) I 20 I 
lk- -1 10 I 7 1 

I 10 I = I 20 I 

I 10 I sy) I 20 'I 

I 4-- I 2s- t me- I io0 I 

I- I 10 I sx) 1 20 I 
I- I 10 I 330 1, 20 I 
I- I 10 1 350 I 20 I 

1 2s- I I 100 I 

I 10 I 330 'I 20 I 
m I 10 I sy) I 20 

I 10 sy) 20 I 

IhaerP(luc6)wlacrs I 10 I 330 'I 20 I 
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Attachment 1 (Cent'd) 
Targat Compound L l ~ t  and Assedated CRQLs 

1 10 I I I 
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I 20 I I- 1 - 1  1.7 

A#rin 

H W e P o m d e  

0.05 1.7 20 

I 0.05 1.7 20 

I 20 :I 1.7 1-1 I oas I 
Dieldrin 

4,r'-DDE 

, 0.10 I 3.3 20 
I 

0.10 3.3 20 

EndoadlQn It 

4.6-DDD 

1 1  0.10 3.3 20 I 

I 0.1 0 3 3  20 

Note: 

~ 

I 

' 2 6 0  

EndorultonlulrpI. 0.10 3.3 20 

4.C-DDT 0.10 3.3 20 

Ma- 0.5 17.0 .20 

l Endnn kbtona 0.10 3.3 20 
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I 
I 
E 
1 
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I 
I 
I 
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E 
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HeptachloroWhenyl 

Toxaphene I 

Attachment 1 (Cont'd) 
farget Compound U t  and Assodated CRQLs 

- - 100 

5.0' 170.0 50 

I 100 I - 

Aroclor-1232 

Aroclof-1242 
I 

AroclOr-1248 I 

Aroclor-1254 

' Arocbr-1260 

I 200 I - I - II 

1 .O' 33.0 10 I 

1 .O' 33.0 10 

1 .O' 33.0 10 

1 .o 33.0 10 

1 .o 33-0 10 

I Nonachkrobiphenyl II 11 200 I I - - 
I Decachlorobiphenyl I1 - I - I 200 I 

1 Aroclor-1016 I 1 .O' 1 33.0 1 10 I 
I Aroclor-1221 I 2.4 I 67.0 I 10 I1 

Note: 

1 All CRQLs are based on wet weight and apply to solid and liquid samples. 

2 Resub for bath soli and liquid samples are reponed as mg/kg. wet weight. 

Aqueous CRQLs changed from 2/88 SOW to the following: 
t 

A~USOUS CRQLS (u@) - Toxaphene from 1 .O to 5.0: 
Aroclofs-1016. 1232.1242. and 1248 tfom 0.5 to 1.0: 
Ador-1221 from 0.5 to 2.0. 

All b w  soil CRQLs changed from 2/888 SOW to the follavvmg: 

'* Law Soil CkQLs (ugkg): Toxaphene from 160.0 to 170.0; 
Aroclor-1016. 1232. 1242. and 1248 from 80.0 to 33.0: 
Arocbr-1221 from 80.0 to 67.0: 
Ador-1254 and 1260 from 160.0 to 33.O.TCL Ex 
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Attinchmsnrt 2 
Target AnaDyte List and Associated CRQLs 

I 10 I 2 I 5 I 
I 200 I 40 I 80 I 
I 5 I 1 I' 5 I 

r- I 5 I 1 11 IO I 
I- I 5Ooo I loo0 I 80 I 

Ill 10 I 2 I 10 I 
I 50 'I 10 I 

~ 

20 1 
I 25 I 5 1 40 I 
I 100 I 20 I 20 I 
I~ 3 I 0.6 I 10 I 
I sow I 10#1 I 80 I 

Manganese 1s 3 10 I 

Mercurv , 0.2 0.1 0.3 

I Nickel I 40 I1 8 I 20 I 

J I 1 

zinc I 20 I 4 I 10 I 
I cyanide I 10 111 2 I 1.5 I 
I PH I I - I NIA I - 

Note: 



PRIMARY 
ALLLASE 
YECHAMSM 

SLOONDARY 
BoURC€S 

P A M A Y  
nECCP1on 

PRIMARY SECONDMY Hlpuw 

SOURCES R E U A S  
DIIOEUiANISM 

P 



* .  

1 
R 
0 
E 

1 -  BiasedSamnlinn. A sampling plan in which the data obtained may be systemaacall * y diffment from the true mean. 
Biased sampling protocols arc appqxkm for amain objectives (e.g., clustering of samples to SULtch for hot spots). 

W Theplantsandanimalsofthestudyarea 

u. A clean sample that has not been exposed to the analyzed sample streamin ordertomaniun c[lllr?nninminn 
during sampling. aansport storage. or analysis. 

-. An analytical procedure capable of providing identification and quantitafion of a wide 
vanay of chemicals. 

m. The compison of a measurement standard or m n s m t  with another standard or instmmm tto- 
or eliminate, by adjustment any vanauon (dewation) in accurary of the itan being canpared. ?he levels of 
calibration standards sbould bracket the range of levels for which actual measurements are to be made. 

-. A plausible. upper-bound estimate of the probability of cancer resporrst m an exposed 
individual, pa unit intake over a lifetime exposure period. 

Reandsthat contain informationabomthe sample from sample collection to final 
analysis. such doarmcnrarian includes labeling to prevent mix-up amtaintr seals to dew unauthorized tam-g 
with COnmltS and to seare custody, and the necessary ftcords to support potential litigation. 

. A chemical initially idcutifred or suspected to be present at a site mat may be 
hazardous to human health. 

I 

-. A staristical description of experimend data that assumes normality and mdqendence. 
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CaDfrdenCt. Statistically, ameasure of theprobability of taking actitm when action is required orthatau observed 
is camct A ccmfidewz limit is avalue above orbebw ameasuredparameterthat &likely to be observedata 

specitiedlevclofconfidarce. 

&. ~programdevelopedforanalvlpLofSuperhmdsiresamplesc 
provide analytical resultsofkuown quality, sqpxtcd by a h i e  level ofspalityassmanae and doannentation. 

L. The chemical-specific quantitatiosl levels drat the Qp requires to 
k~tinelyandreiiablyquantifaredinspecifredsamplematrices. 

. .  . .  

-=- * tion of the quantity and quaIity of dam and their weability far risk messmem 

-. A perfonname measme for sampling and analytical paocedraes. 

ves OOQQ. Qualitative and quantitative aamnents that specify the quality of the data 
requiredto snppartdedsions. DQQs are determinedbasedon the end use of the dam tobe collected. 

m. The evalparioa poaess that decemints the quality of repaned analytical results. It involves 
emmimim of raw dam (e& insamnent output) and quality Colltrol and method parameters by a professional with 
knowledge of the tests performed. 

Data. The ability or approPriateness of data to meet their intended use. 

Data. CtP-spedf~cevaluationprocesstbataramiaesadherencetoperformance-based~cecritaia 
as outlined in N a t w d  Functional Guidelines for Organic (or Inorgruuc) Dura Review (EPA 1991e. EPA 1988e). 

-. Theminimum amcenaation orweight of an analyte that can be detectcdby a single measurement 
above insuumental backgroundnoise. 

m. Adding solvent to a sample. with an analyte concenuanm higber than tbe standard calibration m e .  to 
bring the analyte Concentration into a quantifiably measurable range. 

. .  

ved u. Metals present m solution rarher than sorbed on suspended panicles. 

-. A mappable subset of the total area containing the ppulations, after which distinct statisrical properties 
canbedesaibed. 

-. The process of quantitatively evaluating toxicity i n f d c x ~  and charaaenzm gtbe 
relationship between the dose of a conraminant adminisrered or received and the incidence of adverse.healtb effects 
in the exposed populations. 

L 2 @ b t ~  A second sample taken from the same source at the same time and analyzed under identical umditions to 
assist in the evaluation of sample variance. 

-. The area of a site over which a receptor is likely to contact a chemical of potential concern. 

The determination or estimation (qualitative or quantitative) of the magnitude, frequency, 
duration, and route of exposure. 

Exr#Kure. The course of a chemical or physical agent from a source to a receptor. Each exposure pathway 
includes a release from a s a m e .  an exposure p i n t  and an exposure route. 
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m. An insoUmmt that is sufficently lugged and not Of excessive weight that can be ciliried and used by 
arlnindividaalinthefield. 

~ o f o s c u r r e a c e .  The mi0 of ocanrence ofa chaniral existing at asite cOmpared to oamxmce at all si= 
or campared OD the fRqnency at which the chemid WBS tested for. 

W. A amputerized dambase designed to overlay multiple infamation 
elements such as maps. annotations, drawings. digital photos. and estimated conCenaadons. 

-. Astatisticalorma- . description of experimental data with special attention to spatial . .  

covariarrce or tfslpal variation. 

thaxrecognizesobservedconcenaiuionsasdependentonoae~and -.Athearyofsaustlcs 
governed by physical pmesses. Geosratistical methods consider the location of data and the size of the site for 
calculations. 

. .  

. .  -. Sample lpropeny that is unevenly distributed in the population. 

. .  Data collected before the remedial investigation. 

m. The length of time from the date of sampling to the date of analysis. CLP designates the holding 
tune as the date from lahmoxy receq~t of sample until date of analysis. 

HcunaeeaeousDLstnbytirm. A sample pro~my that is evenly distributed over the population. . .  

Hot. Location of a mbmtially higher concentration of a chemical of concem than m sucmrmding areas of a 
site. 

&&nm&~~. An organic ampound compased of carbon and hydrogen. 
. .  m. Confpmation of the presence of a specific compound or analyte in a sample. 

-. The lowest amount of a substance that can ibe detected by an instrument without 
mmction for the effects of sample matrix. handling and prcparation. 

. .  
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. The pro~ss of hating sampling points based 011 the mvcstigamr's best judgment 
from histopical data of where the sample should be takea. 

-. The wncemmh of achemical that has a 99% probability of pducing an analytical 
result above bdqpund 'hoise" using aspecificmethod 

-. The concentration d achemid that has a9945 probability of ploblcing an anaiytid 
resPltabovetheLOD. RtsuluklowLOQannotqoantirative. 

. .  

. .  . .  

m. Theagreement between an actual instrument reading and the reading predicted by a straight iine drawn 
betweencalibralionpomutbatbraclcetthereading. 

In dose exprimenu. the lowest exposure level atwhich that 
are statistically or biobgidysignitigntinaeasesin -cy orseveaity of adverseeffem betwew theuposed 
popllarian and its apparent control group. 

Mats. A- ' tic pattan of ion fragmenrs of different massesresulting h m  analysis that can be 
comparcd with a mass spectral Iilaary for aualyte identifkation. 

-ThepdCmman ' t material comprishg the sample to be analyzed (e.& drinking water, sludge, air). 

-. The difference between the me sample value and the observed mewred value. 

-. The difference benveen;la observedmeasuffmentand the unlpown truevalaeof the 
pio@rtybeingmeasured 

Media. Variability attributed to matrix effeus. 

-. A measure that defines the lev4 of laboratary background and reagent contamination. 
It is detarmned . by analyzing ametbod blank Cansisring of all reagents. internal sgndards, and smogate smdards 
thatale carriedthmugb theenlire aualyticalproceQpe. 

. Thedetection Iimit that takes intoaccountthe reagents. sample mauix, and 
prepamonsteps appliedtoasample m specificanalyticaimetJmds. 

. .  L. Percent difference between two concenuation levels that can be detected 
in analyses. 
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Qu&aQyg. Ananaiysisthatidentifiesananalyteinasampkwithoutnumaicalcerrainty. 

r. An cxderly assembly of defaikd and SFaCific prodam whicb dtlineaw 
how data of hownandaaxpted quality is prodwed forasptdfic project. 

The lowest experhentaJly measurable signal obtained for the actual aualyte using a pareicular . .  
w. 
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An analysis thatgivesanrnnaicallevel of cergintytothcconccauaticmof au d y t e  in as;ample. . .  

R e f e r e n c e A n A n ( w i r h u n c Q l i i m f y  spanoing an order of magni- or more) of a daily srprworc 
level fora human populatios including Sensitive sabpapaiations. that is W y  to bewihoaan appnzhbleriskof 
advasc healtb efftxts overthe period of exposure. 

p. Ameasure ofprecision which is basedon themean of two valuesfmmdated 
analyses and is rcpmed as an absolute value. 

v. Ameasureoftherelativemassspecaai~spanse ofananalytecompllredto i ts 
internal srandard RRFs are determined by the analysis of srandards and are used in the c a l e  of concentration 
of analytes in samples. 

P . The&greetowhichthedatacollectedaamatelyrefleatheaalalconcenuationor 
disnibution. 

-. The lengthof time that acornpoundis mabed on an analytical column (common mGC, HPLC, 
and IC). 

-. A method issued by an organhion with approaiate responsibility. A routine method has been 
validated and published and conrains information on minimum pafarmance charaaenstlcs. . .  
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-. Aplausible upper-lxnuxistimaPe ofthtprobabilityofaiesponse per unit intake of achemical overa 
lifetime. ?he slop factor is used to estimate an npper-bod probability of an individual developiug cancer as a 
result ofa lifetime exposare to aparriarlarlevel ofa poterrtial mchogea. 

m. A liquidusedtodissolveandseparaotanaiyces fromthemauix of origin. 

-. Themaunerinwhichcontaminantsvaryarithinadefxdarea Themagnitudeofdifference in 
contammanf ccmeeLItrafiws in samples sepaattdby a known dista~ce is ameaSltre of spatial variability. 

&&e. A known amaunt of a chemid added to a sample for the purpose of determining effiimcy of recovery; a 
type of quality control sampie. 

m. A single sample divided for the same measumnent by fwo pmceses for the purpose of monitaring pxecision, 
accuracy or comparability of two analyses. 

-. The most cornmoll measure of the dispemion of observed values or results expresdas the 
magnitude of the square mot of the varhce. 

-. A sampling scheme where the target population is divided into a cerrain number of 
non-overiappmg pans for the purpose of achieving a beaer estimate of the population parameter. 

&a&. To divide aphysical volume or area into discrete units (strata) which are assumed to have different 
chaafteristics, a n d c  procedure to subdivide a set or sets of dam 

w. A standard of known COOCeLltratiOll added to envircmmental samples for quality COLltlol 
pmposes. A surrogate standard is not likely to be found m an enviromnental sample. but has similar analytical 
properties to one ormorranalytes of mcesest. 
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TQxienloPical. Tbe concamion at whicb a canpound exhibits toxic effeccs. 

u. The variability m aprocess thatmay consistofccmtriLmtions fxum sampling, analysis, review, and 
random mor. 

m. Tbatportion of the calibration curve that win produce b e  most acaaate and precise resalts. 

m. A measlpe ofdispersicm. It is the sum ofthe squaresoftbe differences betweem the individual values and 
the arxthmetic mean of thesef divided by one less than the number of values. 

-. Thephysd p q m y  of afluidthatoffers a amtinuedxesisam to flow. 

-. The solid or liquid compounds that may andergospontaneous phase change fo a gaseous stateat 
standard Dempaaplie and pressure. 

Wautlenpth. The linear dismnce between SUCCeSSive maxima or minimaof a wave form. 

g the extent to which available An EPA ch&mion system fmcbammmn . .  
data indicae that im agent is a human carcinogen. M y ,  EPA has deveioped weight-of&dence systems fur 
other kinds of toxic effeca, such as -tal ef€ects. 
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~cnaacy SeeDataqualityinAiclrmOQIs) 
Analyacal 

base/nepaaveddO 39 
iron 1.5253 
oil and hydmsrbms 45.51.52.84.106.119 
polycyclic - hyhmrbms 45.119 
phfbhes a d  m - m  chlakinared 

pounds 52 
volatile arganics (VOAs) 55,57,78,80,113 

Analytical metbods 13,21.22,25,26.29,30,33, 
41.45.47.57.59.63.64.78.83,89,99. la. 
117.118. EO 

atomic absorption (AA) 47,55,58 
gas - m y - -  spemomew (Gc- 

gelpenneatian-y(GPC) 39 
inductively coupled plasna (ICP) 52.53, 55.58. 

x-rayflu-(xRF) 57 

fEld analyses 2.21.28.29.57.58.84.88.89 
fixed labaratory analyses 21.29.54.57.58.84, 

MS) 41.45.46.52 53 

101 

Analyhcal &&s 3.21.28.29.83 

89.100 
quickMnaroundmerhod 28 
spcialanalyticalsavices(SAS) 29 

Alltomateddatareview 35 

B 
Background sampling 29.50.75.119 

anthropogenic 2,75,119,120 
sampling 29.50 

Baseline human health risk assessment 1.3.4.7 
Biota sampling 39.83 

C 
Chain-of-custody 29,101 
ChemicaI inmke 14.15 
Chem~cals of potential c o r n  1,4,25,26.29,30, 

35,40.41,46,47,50.52,53,55.63-65,72-74. 
77.78,80.83,84.87.88,117-120 

comparability See Data quality mdiwnr?; (DQW 
Completeness See Data quality indicators (DQIS) 
Concenmtion of conem 10.33.34,47,48.83 
COnceparal model 11.18.22 28 
cmaaa Laboratory prOSram ( U P )  2 29.41.49, 

Contract requxed detection limit (CRDL) 49 
Contract required quantiration limit (CRQL) 49 
Corrective action 4,22,36,88,95,97.100,101. 

58,83,84.87,100.103,105.106.113 

lo6 

D 
Dam 

aseames 11.21,22,95.100-103.105~ 107, 
109,111.113.114,116 

36.37,50,51.63,81.101,1~112 116 
mtlMinn 14,7,11,18.20,25.29-31,33,34, 

qpalifias 4.100.113 
&W 2 3.4.20.22.23.25,29,34.35,89.99- 

SDmOes 1.2. 3 . x  28,29.99,101.111 
103,105.107.117-119 

Data quality indhtms @QIs) 3.29,31,76,103, 
121 

BCQIZBCY 25,29,31.33,34,39,49,51,55,58, 
99,101.1~105-107.112.113.116118 

compambility 33.57.76.78,80.99,105,107. 
108.112 114.116.121 

116-118.120,121 

113.116-118 

116.117,121 
Dam quality objectives (DQos) 2,11,13,31,34. 

63.100.110,lll 
Data useability criteria 3.25,26.99.117,121 
Designdecisions 81.89 
Detection limits 2.25.28.30,33,37.4548,54,55, 

completeaess 7678.99.100.102,105-107,114, 

precision 29.34.49.99-102105-107.109,111- 

n p r r ~ ~ ~ t a t i ~ e n c s ~  76.99.105.107-109.114, 

77,83.84,87,89,117-120 
contract required detection limit (CRDL) 113 
contract required qnantitation Iimit (CRQL) 113 
instrument detection limit (IDL) 47.48 
limit of quantitation CLOQ) 49.50 
method detection limit 0 2 47,48.49.50. 

practical quantitation limit (PQL) 49 
sampb quantitation limit (SQL) 2,2223.48.49, 

102,113 

50.84 

E 
Exposure 95,97.101,105.107.108.112 

4.11.13, ia 20 .z .x .  33,~.55.63.65, 
72.74.77,78.80.89.120.121 

assessment 4,7.13. 14, 15, 17, 18, 101. 102. 108 
p ~ m y  11, 13-15. 17. 18.33.58.63.80.89, 

117.120,121 

F 
False negatives 11.13.18.25.35.40.41,47,48. 

50.58.64.75.76.101.105,108,113,116118 
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False positives 11,13.25.30.35,41,45,47,48. 

FieldamlysesSe.eAnalyeicalServiCtS 
Fietdnaords 29 
F i x a d ~ a m l y s e s k A n a l y t i c a l s a v i c e s  

G 
Geographical Infonnatioa systaa (GIs) 18.72 

w 
HazardRaokingSystem(HE1s) 13.26 
HeaIthEffea Assessnent Summary Tables 

Histcwical data 11.18.26,2& 41,45,52,73.74, 

50.53,64.76,101.105.113.117-119 

0 15 

78,119 
Hot mts 13,33,51,54,57,66.73-76,78.89 

I 
Inteegrated Risk Infannaton System @us) 15 

L 
Laboratopy perfommce 25.33.58.59.88.107, 

Landuseakrnacives 78 
111 

Linearity 
limit of linearity (LOL) 50 
rangeoflineanty 47 

M 
Measurement emn 33,37.38.50.76,109,111 
Mediava~iabiity 51.74 

N 
National Riarities List RJPL) 50 
Naturalvariation 38 

P 
Perfonmance evaluation 33.39,58,87.88,116 
Performance measares 63.76.80.88,llO 
ptrfannanee objeftives 4,25.29,33.50.97.105. 

Recision See Data quaiity m d i c a ~ ~ ~  CDQh) 
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111 

88.1~103.105,107,1~, 111,113,116,118. 
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R 
Reasonable maximum cxposllre 0 13.14, 17, 

Ref- concentations (RfCs) 15.17 
Reference doses (RfDs) 15.17 
R1.mrrlial investigarion (RI) 1-4,11.18.20,21.25. 

26,28.29.63.65,81. 95.100.105 
RcmedialprojeamanagcrO 1,4,11.18.20- 
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59.63-65.72.77,78.80,81.84.85.87-89.95. 
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(DQIS) 

55.66.105.107,109,116 

Rcpreseatativeness See Data quality indimon 

ResoarceissPa 88 
Risk Assessment Guidance for Supmfund 

(RAGS) 1-3.7, 13-15,17.18,102, 114,119 
Risk 1-4,7,14,15.18,20-23.25.50,52- 

55.58.63-65. n, n, so, 81. w, 87-89.95.97, 
100-102 106-108.110,111,113.114.116 
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Sample 

ppaation 47.49,51.54,55.77.88,108.112 
preservation 76,108,116 

Sampling and analysis plan ( S A P )  1,2042.25.63. 

Sampling design methods 
74.88,97,100,107.110,112 113 

classical model 65.72.78.88 
geostaristical model 65,66,73-75.78.88 
judgmentavpurpsive model 65.73.74 
systematic grid sampling 6566.72 75.78.88 

Samphg Design Selection Worksket 63.65.72 

Sampling variability 64.65,74.77,108,109.110, 
80. 83.89 

116 
schedaling 21 
SCOphg 11,25.28.29.41,88.105 ' 

Site 
cm-mt i~~~  11,13,25.6366,72-77,80.95. 

i l q e u h s  3.18.26.73 

datacollection 1.4,63,77,78,80,81, 117, 119, 

101,107-109,116,119,120 

Soil 4.37.38.41, 50, 51.55. 119. l20 

121 
locatim Of hot s ~ t s  66.73-75.78 
=mPmJdepdl 78.80 
characteristics 11.80 

soil Depth Sampling Worksheet 37.63 
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f 
Targetcommlist 4 
Tentatively &mitied compmds CIICS) 41.45.52 
Toxicity 4.7.15.17.22 
Tunmnmd rime 2 29,s. 58.83.84.87.89 

u 
Uncertainty 1-47, 10. 11.14.15,17,18,25.33, 

37.38,50.51.55.63.76.80,81,89,95,97. 
lo2 105.107,lll~ 114,117,121 

analytical 7.10, 14. 15.17,1& 80 
sampling 63,76,77,80,81.89,118 
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